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ABSTRACT
This d isserta tion project was part o f a larger research program con­
cerned with investigating ways fo r solving urban problems. The work com­
prising the d isserta tion  pro ject consisted of developing a scheme (frame­
work) fo r solving these problems and one of the models used in the scheme. 
This model (a spatia l model) was the key which allowed the scheme to func­
tion  as a planning to o l.
The purpose fo r developing the scheme was to allow planners to  take 
a ll the most s ig n ific a n t parts o f the urban system in to  account when t ry ­
ing to solve urban problems. During th is  development phase o f the scheme, 
the emphasis was on engineering aspects, but included soc ia l, economic and 
ecological elements as w e ll. The scheme as used in th is  study consisted 
of a system o f models usable by most urban planning agencies. Included in 
the system were a set o f mathematical models (population, housing, trans­
porta tion , water supply, sewage, so lid  waste, drainage and a ir  po llu tion) 
developed by others involved in the larger research program. The "key" 
model in the system was the spatial model which allowed fo r  the economic, 
social and ecological inputs.
The spatia l model is  a heuris tic  model used fo r predicting land use 
and gathering information o f spatia l character in general which would have 
a s ig n ifica n t impact on the solution of urban problems. The model has two 
sequential components: a modified Delphi and gaming. An embedded ite ra ­
tive  process is used to obtain answers to the questions under consideration. 
The output from th is  spatia l model consists o f projected land use and recom­
mendations fo r a lle v ia tin g  problems in  the study area. Though heuris tic  
th is  model makes the scheme a useful planning to o l.
IX
CHAPTER 1 
INTRODUCTION
1.1 PROBLEM AND PURPOSE
Starting in the 1950's, the scope of c ity  planning was expanded to 
include not ju s t the c ity  but the entire  metropolitan region. At approx­
imately the same time, the concept o f c ity  planning began to change to 
include broadened views of economics, social well-being, and the environ­
ment (26). As a consequence, planners soon discovered tha t th e ir plan­
ning methods were grossly inadequate in th is  new planning eth ic. Lowdon 
Wingo gives one example of the s itua tion :
"In  the good old days we tackled the slum in a stra igh- 
forward way by tearing i t  down. Now we know the slum to be 
a complex social mechanism of supportive in s titu t io n s , of 
housing sub-markets, o f human resources intertwined with the 
processes of the metropolitan community as a whole...To dis­
tinguish favorable policy outcomes from unfavorable ones is  
no longer a simple matter. Decisions by governments, firm s, 
and ind iv iduals in metropolitan areas turn on the state of 
such interdependent spatia l systems as use of recreation 
f a c i l i t ie s ,  transportation and communication nets and the 
markets fo r land, housing, and even labor, rather than on 
the highly localized consequences d ire c tly  e lic ite d  by policy 
actions (28)."
In essence, planners found themselves prisoners of the discovery that 
"Everything seemed to be an urban problem, and everything seemed in terre la ted : 
the whole world was a jumble of secondary and ite ra tiv e  side e ffects" (19).
Two schools o f thought on how to deal w ith th is s itua tion  soon devel­
oped. One group believed tha t what was needed was a s c ie n tif ic  method of
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problem solving that would give the planner the a b il i ty  to deal concept­
ua lly  with large-scale systems ( 4 ) . This would enable him to make bet­
te r plans. The other group held tha t administrators could not make 
decisions according to goals or plans but only in  response to incremen­
ta l problems w ith in  one's sphere o f influence, and a method taking th is 
in to  account was needed (15).
The purpose o f the study reported here was to develop a scheme 
(framework) tha t would allow one to take the most s ig n ifica n t parts of 
the urban system into account when try in g  to  solve urban problems. The 
study was based on the supposition tha t i t  is  not only possible but 
essential to make some sense out o f th is  jumble of secondary and ite ra ­
tive  side effects and to  consider these when seeking the solutions to 
urban problems. Though try ing  to  deal conceptually or numerically with 
such a complex, large-scale system as the urban system might stretch the 
lim its  of the current sta te o f the a r t in  some cases, i t  was considered 
better to include a ll the highly s ig n ifica n t effects in  an analysis than 
to assume that they were n i l .
The scheme was developed around a system o f models usable by most 
o f those in the planning profession. I t  is  f le x ib le  enough to be used 
in many planning situations and to address many types o f questions. Of 
great importance, the scheme is  designed to answer questions planners 
encounter in "day-to-day" operations. Some o f the models incorporated 
in to  the scheme were already in use. Additional forecasting and o p ti­
mizing models, both mathematical and scenario, were developed by in te r­
d isc ip lina ry  teams. The development o f the scheme and these additional 
models comprised the bulk o f the study. The scheme and the model (land
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use model) allowing the models to function as a system are the subject 
of th is  d isserta tion .
1.2 OBJECTIVES
The primary objective o f th is  research was to demonstrate the fea­
s ib i l i t y  o f modeling an urban system using an in te rd isc ip lin a ry  group.
The study employed un ivers ity  fa cu lty  and students, c ity  o f f ic ia ls ,  and 
industry personnel working on urban problems in  a planning environment.
An in te rd isc ip lin a ry  team was formed to develop each o f the models used 
in the system so tha t many professional viewpoints would be incorporated.
By incorporating varied professional viewpoints, i t  would be 
possible to  develop a useful tool acceptable to a ll those in  the decision 
making process. I f  th is  were achieved, then the scheme would be deemed a 
va lid  too l fo r planning purposes.
The key to achieving the primary objective o f developing the scheme 
and demonstrating i t s  v a lid ity  was the land use model. This model was 
considerably d iffe re n t from the other models in  the system or from any 
other done previously in  th is  type o f work. Before checking th is  specific
model's v a lid ity ,  i t  was necessary to demonstrate the v a lid ity  o f the basic 
method (the Delphi and heu ris tic  gaming) in  producing useful results in  
th is  application. Following th is ,  i t  was then necessary to  demonstrate 
the model's and the scheme's v a lid ity  in a planning environment.
1.3 DEFINITIONS
Toeliminate possible m isinterpretations o f the discussions tha t 
fo llow , working d e fin ition s  have been established fo r  four common terms: 
systems analysis, operations research, model, and va lida tion .
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Systems Analysis is  defined as, "an in q u iry , from the view point tha t 
tha t which is  under investigation is  part o f larger system, to aid in the 
choice of a course o f action by systematically investigating objectives, 
and comparing the cost, effectiveness, and risks associated with the 
a lte rna tive  polic ies or strategies fo r  achieving them"(23). A "system", 
as used here, is  a set o f in te rre la ted  elements having the following 
properties ( 1 ):
1. The properties or behavior o f each element has an e ffec t 
on the properties or behavior o f the whole.
2. The properties and behavior o f each element and the way 
they a ffec t the whole depend on the properties and behavior 
o f a t least one other element o f the set.
3. Each subgroup o f elements in the set has an e ffe c t, but 
not an independent e ffe c t, on the whole.
The analysis o f a system has five  basic elements (21):
1. D efin ition  o f objectives.
2. Formulation o f measures of effectiveness.
3. Generation o f a lte rnatives.
4. Evaluation o f the alternatives
5. Selection o f one or more a lte rna tives.
Although the above d e fin it io n  assumes the use o f mathematical models are almost
always used, the emphasis in th is  type o f analysis is  not on mathematical models.
Operations research (OR) is  defined as "a s c ie n t if ic  method o f deci­
sion-making based on the mathematical techniques of optim ization, the 
objective being to determine the most e ffe c tive  u t il iz a t io n  of lim ited 
resources"(3 ). The procedures used fo r an operations research study gen­
e ra lly  involve (27):
1. D e fin ition  o f the problem.
1-4
2. Construction o f a model.
3. Solution o f the model.
4. Validation o f the model.
5. Implementation of the fin a l resu lts .
The term "model", as used in  steps 2, 3 and 4, is  usually a mathematical 
model such as linear programming, some varia tion o f linear programming, 
or a stochastic mathematical simulation. As indicated, the primary 
emphasis is  on a res tric ted  type of model. Thus, the above techniques 
are only useful when applied to certain well-defined, highly structured 
problems with simple goals (12).
A model is  defined as "any device that provides a logical means to 
predict and compare the outcome o f a lte rna tive  actions" (24). This d e fi­
n ition  is an extension o f the usual concept o f a model which is  res tric ted  
to iconic, analog, or mathematical models. In the restric ted  sense, the 
model is  e ithe r a physical or mathematical representation o f the modeled 
object. Unfortunately, these types o f models are p a rticu la rly  d i f f ic u l t  
to create when p o lit ic a l and social factors predominate. I f  the term 
"symbolic" is  substituted fo r  "mathematical", then operation gaming can 
be categorized as a model under the res tric ted  d e fin itio n . This is  one 
way to include p o lit ic a l and social factors through models, but the con­
cept should be extended further. Removing the re s tr ic tiv e  representational 
features of the tra d itio n a l model gives modelers a great deal o f freedom in 
the choice o f available methods (25). By doing so in th is  study, the 
Delphi method (which is  explained la te r)  was available fo r use in the 
model system.
Validation A model o f the growth o f a bacteria culture in a closed 
system is an example o f a model which could easily be validated or
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rejected. A ll one would have to do would be to perform an appropriate 
number of controlled laboratory experiments and compare the results with 
the model. Furthermore the results are unambiguous - i f  the model accu­
ra te ly  represented bacterial growth in the experiments, one could expect 
the model to accurately pred ict bacterial growth in s im ila r s itua tions, 
a t least over a range of conditions not much beyond those used in the 
experiments.
Finding a method fo r validationg th is  scheme of models was as much 
of a problem as was the conception and formulation of the models. The 
general procedure followed by many researchers is  basically as follows. 
F irs t the framework of the model is  created. This framework is  then " c a li­
brated", meaning that the framework is made to replica te  recent h istory. 
The model is  then validated by testing i t  to  see i f  i t  can produce the 
present situation from a point in recent h is to ry . In th is  (an admitted 
over-s im p lifica tion) c ircu la r approach, the "ca lib ra tion" phase o f model 
development overlaps the va lidation phase. The model is  generally made 
to f i t  by the addition o f numerous "factors" or adjustments to internal 
parameters u n til i t  is  deemed va lid . I t  would be surprising i f  any model 
cou ldn 't be made to produce reasonable results by such a method.
The question arises, "Is  there rea lly  a measure o f va lid ity? " In 
some cases, th is  type o f v a lid ity  may even be considered to be a mute 
question. Is anything re a lly  gained by a lte ring  a model to  make i t  
f i t  a special case (recent h is to ry) ? I t  could well be argued that per­
haps the o rig ina l model, though not rep lica ting  recent h is to ry , 
might be a more va lid  model than the one which was made to f i t .  In fa c t, 
many decision-makers in the f ie ld  o f urban planning argue that th is  is
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only a minor importance to them (14), (15). What is  important is  whether 
the model produces "convincing" resu lts , i .e .  everybody concerned can 
agree tha t they are what should be planned fo r.
S t i l l  the idea of producing reasonable resu lts  is  basic to model 
va lida tion . Yet, th is  one c r ite r ia  indicates nothing about the useful­
ness o f the model in  question and usefulness should also be a necessary 
c r ite r ia  fo r  v a lid ity . In th is  study, in addition to the requirement o f 
producing reasonable re su lts , a va lid  model is  one judged useful to those 
fo r whom the model was intended. Though th is  requirement is  "above and 
beyond" tha t normally required fo r a model to be deemed va lid , what is  
to be gained i f  one produces a most reasonable predictor i f  i t  can not be 
used in a day to day planning situation? Therefore, we shall extend the 
d e fin it io n  of va lid ity  to  tha t o f a declaration o f usefulness.
An operational game is  not a game at a ll -  in  the sense of "fun and 
games" - but an important laboratory fo r modelling re a lity .  I t  is  a sim­
ula tion tha t allows a decision maker to perceive many aspects of urban 
phenomena a t once so th a t he may grasp the system, a t least in an in tu i­
tiv e  fashion. I t  can be used as on information gathering device, as a 
means of learning through experimentation, or fo r  prediction. I t  should 
be emphasized, however, th a t gaming does not produce an optimal so lu tion.
The use of the game w i l l  determine i t ' s  form, but i t  w il l  always 
have the representative features of the o rig ina l system. Generally the 
game w il l  have:
1. A game board (usually a map o f the area).
2. Role playing -  where the players act as they th ink 
factions o f the urban system would act.
3. Ruler - e ithe r form ally stated or im p lic it  from the 
system.
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A Delphi is  a method o f s o lic it in g  and pooling individual opinion w ith­
out face-to-face discussion (24). In th is  case, the opinion is  a forecast. A 
Delphi is  an a lte rna tive  to more rigorous methods o f forecasting, such as 
OR techniques, when the capacities of those method are exceeded. In general, 
a Delphi has three features:
1. Anonymity - to  reduce the e ffe c t o f dominant ind iv iduals.
2. Controlled feedback between ite ra tions  to  reduce the 
noise o f unimportant information.
3. S ta tis t ic a l group response to reduce group pressure 
fo r  conformity.
The procedure followed in a Delphi is  to :
1. Query the group by means o f questionnaire.
2. Summarize the response s ta t is t ic a lly .
3. Provide the group w ith  the summarized information.
4. Repeat steps one through four u n til a s u ff ic ie n t closure 
is  reached.
1.4 THE SYSTEMS APPROACH
The urban system is perhaps the most complex system on which a sus­
tained e f fo r t  has been made to use the systems approach to problem solv­
ing. The o rig in a l systems studies using the approach were lo g is tica l 
systems related to  m ilita ry  e ffo rts  during World War I I .  A fte r World 
War I I ,  in d u s tr ia l,  commercial, transportation, and other systems were 
also successfully analyzed and improved by using the OR models developed 
during the 1940's. These systems, though often large, were re la tiv e ly  
simple. The urban system is  highly complex. I t  has a great number of 
physical, economic, and social elements, and a s t i l l  greater number o f 
in teractions among these elements. In addition, there are several mea­
sures of the states o f being associated with each element.
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Although many simpler systems have been successfully analyzed and 
manipulated using the systems approach, u n til now the e ffo r t  spent on 
urban systems has produced minimal practical resu lts . Perhaps the most 
successful attempt was an early example, the Chicago Area Transportation 
Study, CATS (9  ). This study used a land use model which was rare in 
that i t  was seriously used in  conjunction w ith a planning e ffo r t (18).
More typ ica l was the San Francisco Housing Market Study fo r the San 
Francisco Community Renewal Program. William B. Ross, then a Deputy 
Undersecretary a t HUD, had th is  to say about the study:
"We are quite  proud to have funded the San Francisco 
Housing Market Study, but i t  is  s t i l l  a disappointment to 
fin d  tha t i t  had no re la tion  e ither to  the community renewal 
program or to  the process o f renewal in  the City o f San 
Francisco (11)."
Plagued by the in a b il i ty  to t ru ly  cognize the system, yet having the 
conviction tha t the to ta l system must be taken into account, the planner 
b u ilt  larger and larger models hoping to eventually cover a ll points of 
the system. Few planners appreciated the fa c t that largeness and compre­
hensiveness are not necessarily synonymous in  computer modelling. The 
early success o f the CATS models was not due to  the size o f i ts  computer 
program. I t  had a much less formal structure than the la te r models (18). 
At the same time i t  was perhaps the most comprehensive. This was due to 
the nature of the ad hoc judgments that could be introduced at many points 
in the forecasting process (18).
As the e ffo rts  in modelling increased, a corruption o f the systems 
approach developed. Since the most a ttra c tiv e  element of the approach 
was the construction o f computer models, th is  is  where the major e ffo rt 
was spent. This e ffo r t  was so intense tha t model builders attained a
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degree o f detachment from the everyday problems of planning. The resu lt 
was that models became the "ends" rather than the "means" and the few 
models that were developed which had some degree of re la tionship with 
the system being simulated were not useful w ith in  the context o f systems 
analysis.
Because o f the d if f ic u lt ie s  encountered and the many i l l  conceived 
models produced, many planners became highly skeptical that the sytems 
approach would be f r u i t fu l  in th is  application (14). The fa ilu re s , though, 
were not that o f the approach. At the root o f the apparent fa ilu res  in  
implementing the systems approach was f i r s t ,  a naivete^about what the 
systems approach involved. There was a misconception that the main e le­
ment of the approach involved w ritin g  a computer program to obtain solu­
tions to problems. Second, there seems to have been an over-optimism 
about the capab ilities  of OR models. Developed fo r simple systems, OR 
techniques could not handle systems as large and complex as the urban type.
1.5 RECENT MODELLING EFFORTS
As the f i r s t  generation o f model builders became frustra ted and aban­
doned large-scale urban models, a resurgence o f in te res t in these models 
developed among others. Typical o f th is  second generation of modelling 
a c t iv ity  are the Forrester Model (7 ), the National Bureau of Economic 
Research (NBER) Simulation (20)> and the Projective Land Use Model (PLUM)
(8 ).
The Forrester Model is  an elaboration on the structure of a success­
fu l model, Industria l Dynamics ( 5 ) ,  o f a manufacturing company. I t  con­
s is ts  o f a set o f d iffe re n tia l equations which are solved ite ra t iv e ly  by 
means of a special computer language. Dynamo (22). The model s ta rts  the
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solution process with some in i t ia l  solution estimate: the present state 
of the urban area. As the model seeks a solution (steady s ta te ), in te r ­
mediate ite ra tions are recorded having a locus o f variable values. The 
dynamic behavior (variable response) o f a system can thus be studied by 
a lte ring  the relationships between variables in the d iffe re n tia l equa­
tion  ( 6 ) .
The approach has received a lo t o f attention and has attracted a 
large fo llow ing (13). However, as a tool fo r  urban planning, the model 
is  open to serious c r it ic is m . F irs t the model's response is  b u ilt  in 
according to predetermined concepts o f what the results should be. Second 
i t  is  o f an abstract c ity  and is  not sp a tia lly  disaggregated.
The NBER Simulation is s im ila r to past models. The major emphasis 
o f th is  simulation is  on a housing model which is s im ila r to the one 
developed fo r San Francisco (16). In th is  case, housing location is 
based on access to employment as in the Lowry model (17). I t  is  much 
more ambitious in scope than e a rlie r  models and also more disaggregated.
This model is s t i l l  in the developmental stage.
The major drawback to th is  model is i t s  size and scope. I t  is  a larger
dose o f the hopelessly ponderous San Francisco simulation. Lee (14) pre­
sents an in tu it iv e  graph (Figure 1-1) which expresses the idea tha t, as 
th is  type o f model becomes larger and la rger, more is  learned about large 
models, but they are less useful a fte r some point.
PLUM is  one of the most operational of land use models. I t  has been
used by a number of planning agencies to forecast land use. I t  is  based
on the Lowry model (17), using s lig h tly  d iffe re n t relationships fo r  house­
hold location. Household location is  s t i l l  based on access to employment.
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yet i t  contains enough adjustments, and empirical description re la tion ­
ships to produce reasonable resu lts .
The problem with the PLUM is tha t i t  is  almost to ta lly  opaque, a 
"black box". I ts  success stems from the fa c t tha t i t  comes with in i t ia l  
constants so tha t a planner can re a lis t ic a lly  hope to get a land use 
forecast from i t .
1.6 GUIDELINES FOR USEFUL MODELS
As Lee (14) points out, the recent e ffo r ts  in  model build ing show 
an apparent disregard fo r the causes o f previous fa ilu re s . He l is ts  
seven characte ris tics o f past large-scale model which contributed to 
th e ir  fa ilu re .
1. Hypercomprehensiveness - rep lica tion  o f too complex a 
system in a single shot and in ten tion  o f serving too 
many purposes at the same time.
2. Grossness -  in s u ffic ie n t de ta il fo r  a less than com­
prehensive view.
3. Hungriness -  enormous data requirements.
4. Wrongheadedness -  governed by im p lic it  re la tionships 
which are not perceived.
5. Complicatedness -  too many in teractions to allow fo r  
control o f the model or fo r much learning.
6. Mechanical ness - immersion in t r iv ia l  de ta ils  o f pro­
gramming.
7. Expensiveness - too expensive to bu ild  and run.
In addition to avoiding these seven p i t fa l ls ,  three p rinc ip les were 
followed when constructing the scheme presented here. F irs t  the models 
were to be simple, even at the expense o f some accuracy. As discussed 
e a rlie r, a model's v a lid ity  as a planning tool is  dependent on the model
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being understood, trusted, and used. Second, the scheme was to re ly  
on both theory and in tu it io n . Lacking s u ffic ie n t theory, p a rtia l 
re liance o f in tu it io n  is  not only desirable, but necessary. In th is  
scheme, the part played by in tu it io n  was to be highly v is ib le  - not hid­
den in the computer program. Third, the scheme was to be f le x ib le . High 
f le x ib i l i t y  would allow fo r  the proper sequence of problem solving, i.e .  
s ta r t  w ith the problem..., w ithout having to construct new models fo r 
each problem.
1.7 THE CONCEPTUAL SCHEME
Following the above guidelines, a conceptual scheme was developed to 
allow the planning profession to u t i l iz e  the systems approach to solving 
urban problems. As shown in  Figure 1-2, the to ta l urban system started 
w ith the ex is ting  population model which projects population by cohort 
survival analysis and a disaggregation method. The output o f the popula­
tio n  model is  then used by the housing model to  project fu ture housing 
needs by d is tr ib u tin g  households in to  housing un its . A heuris tic  land 
use model, which employs Delphi and gaming techniques, is  then used to 
pro ject fu tu re  land use.
For fu ture implementation several information models, which are not 
presently developed, could be included in the to ta l urban system model fo r  
use w ith  the land use model. A m u ltip lie r  demand model based on outputs 
from the population model and the housing model could be used to indicate 
the demands fo r  transportation, water, u t i l i t ie s ,  revenues, employment, 
education, recreation, etc. These demands would be used as guidelines 
fo r  the partic ipants o f the land use model. A public sector budget 
model, based on the m u ltip lie r  demand model, might also be developed
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at th is  point to indicate the fu ture  financia l prospects of the urban 
area under analysis.
A land bank model, another information model under consideration, 
would constitute an inventory o f characteristics such as ecological, 
cost, size, zoning, and land use. This model would supply diverse 
c lass ifica tions per g r id , such as land use, transportation, land cost, 
surface water, e fflue n t capacity, public services and environmental data. 
Automatic updating o f th is  data base would provide the planner with a con­
tinuously current inventory of his region.
A fourth information model being proposed is  the market model, which 
would determine the s u ita b il i ty  o f sites fo r  industry, residences, commer­
c ia l establishments, etc. The planner's expert judgement on preferences 
would supply part o f the input fo r  decisions on ideal location s ites .
The la s t information model is  the indices model, which a le rts  deci­
sion-makers to the potentia l decline of the areas under analysis.
To compare w ith the h eu ris tic  land use model, a mathematical 
programming model could also be part of the complete urban system scheme. 
This model would serve as an analytica l ju s t if ic a t io n  fo r the outputs 
from the heuris tic  land use model so that recommendations presented to 
the decision-makers would be based not only on heuris tic  gaming results 
but on indications derived from the analytica l approach. Outputs from the 
land use model and the mathematical programming models could then be used 
to determine future development, and decisions could also be evaluated to 
ascertain that a ll demands are sa tis fie d .
The outputs of decisions regarding fu ture development are fed into 
several consequence models, some of which were developed fo r th is  study
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(the transportation model, water supply model, sewerage model, so lid  waste 
model, a ir  p o llu tion  model, and drainage model). Other consequence models 
being considered are in the areas o f education, economics, security , 
revenue, public fa c i l i t ie s  and u t i l i t ie s  in  addition to water supply and 
sewerage. The objectives of the consequence models are to determine 
whether the decisions made to meet demands are a ll sa tis fie d  and/or to 
obtain indicators derived from the outcome of these decisions. To accom­
plish th is ,a  model using expert evaluation could be used to give a more syste­
matic evaluation, although i t  would not be essential. The experts would 
be the professionals (that is ,  managers, technicians, engineers, economist, 
e tc .) who evaluate the output indicated by the developed consequence models.
In other words, no formal modelling was implemented in evaluating outcomes 
from the consequence models.
In the conceptual system, a feedback loop would s ta r t a new set 
o f decisions and evaluations in  the land use model i f  demands are not 
being met or results  from the consequence models indicate tha t the deci­
sions are u n re a lis tic  or im practical. Otherwise, the procedure would 
continue to the next increment o f the planning period where the popula­
tion model w i l l  again be run to s ta rt a new loop o f urban system analysis.
This completes the en tire  cycle of the to ta l urban system model. Because 
th is  would be a closed loop program, the entire  system could be operated 
over time, providing m u ltile ve l, multistage construction and a rtic u la tio n , 
with feedback over time towards possible and probable goals.
1.8 SCOPE
Because of time and funding l im its ,  the parent pro ject concentrated 
on developing seven technical models which are basic to urban systems:
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a housing model, heu ris tic  land use model, transportation model, water 
supply model, sewerage model, so lid  waste model, and drainage model.
The scope of th is  dissertation was therefore lim ited  to these 
models. The actual work done fo r  the d issertation consisted of develop­
ing the heu ris tic  land use model and tying the models together in to  a 
workable system. In some cases, th is  involved changing some of the 
models. In other cases, the models could be used as they were.
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CHAPTER 2 
DESCRIPTION OF THE SYSTEM OF MODELS
2.1 INTRODUCTION
The system o f models developed fo r  th is  research is  described in 
th is  chapter. The description is  fo r  the en tire  system as i t  would be 
i f  i t  were used in  developing a comprehensive plan. The system parts 
are used in modes other than comprehensive planning, but th e ir  descrip­
tion  is  the same.
A ll the models and th e ir  in te rre la tionsh ips are shown in Figure 2-1. 
The driv ing force fo r the other models in  the system is  the population 
model which was developed to forecast population. Population forecasts 
are f i r s t  used to determine housing demand via the housing model fo r an 
urban area. The heu ris tic  land use model is  then used to  pro ject urban 
land use by u t i l iz in g  human ins igh t in addition to outputs generated from 
the housing and population models. The housing and land use models can 
be considered a llocation models which d is tr ib u te  households to  housing 
units and land use to d iffe re n t urban locations.
The other models are consequence models. Included are those fo r 
the areas of transportation, water supply, sewerage, so lid  waste, a ir  
p o llu tio n , and drainage. The consequence models are generally used to 
evaluate the ten ta tive  land use and planning po lic ies related to the 
projected urban growth. Most o f the inputs fo r  these consequence
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models are from outputs o f the land use model and the population model.
Results from the consequence models are then examined by experts in  
th e ir  respective f ie ld s . I f  the results indicate favorable consequences 
from the projected land use, the projecting process can proceed to the 
next time increment. Otherwise, the ten ta tive  land use projection can 
be modified or re-evaluated u n til the consequence models indicate sa tis ­
factory results are reached.
2.2 THE POPULATION MODEL
The population model was developed fo r  making population forecasts 
fo r  urban areas. I t  is  the driv ing force fo r  the complete urban model­
ing system. The model uses two methods o f making population forecasts, 
the cohort-survival method and a disaggregation technique.
The cohort-survival method (Figure 2-2) is used to analyze popula­
tion  by age, sex, race, occupation, employment and income, and to 
p ro ject the population growth through natural increase and migration.
Projections are made fo r  five-year increments by cohorts s ta rting  
with the base year to  any year in the fu tu re . Forecasts by the cohort-
survival method can represent forecasts based e n tire ly  on past records, 
or can be made to  re fle c t anticipated changes in  b ir th  and/or m igration 
rates and economic trends. I f  based on past records, the forecast uses
appropriate census figures fo r b irth  and death rates, the net migra­
tion  fo r  the previous fiv e  year period and past economic m u ltip lie rs  are 
used. I f  the forecast is  to re fle c t anticipated changes from past con­
d it io n s , the procedure is  to again use appropriate census figures fo r 
b ir th  and death rates. Migration is  broken down in to  in and out-migra­
tio n . Out-migration was found to be highly correlated w ith existing
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population. Here past census figures are used. In-migration and economic 
trends are determined by means o f a Delphi (see Chapter 3). Model in -put 
and example out-put are shown in  Figures 2-3 and 2-4 respectively.
The disaggregation method (Figure 2-5) is used to d is tr ib u te  the 
national or a state population projection to a county or urban area. For 
example, i f  the national projection is  based on projections published by 
the Bureau of Census, the procedure might f i r s t  d is tr ib u te  the national 
projection among states, then d is tr ib u te  a s ta te 's  share among its  coun- 
t i  es.
The disaggregation procedure can be handled through a s ta tic  or a 
dynmaic approach. The s ta tic  method is  based on e ither the past popula­
tion  ra tio  between an area and its  sub-area, or prorating according to 
cohort-survival projections. In the dynamic procedure, i f  population is  
disaggregated from an area to a sub-area, the disproportionate sub-area 
change, e ither re la tive  growth or recession, is  determined by using 
weighting factors tha t are based on po licy decisions. The weighting 
factors are determined by growth standards, indices, and the development 
potentia l o f the sub-area. The technique used is  based on the decompo­
s itio n  o f the resources capab ility  in the past, the present, and the 
fu tu re . The action and behavior o f people constitutes the resources in 
th is  context. Example weighting factors are shown in Figure 2-6.
Comparing the cohort-survival method and the disaggregation tech­
nique, the former projects the existing population cohorts and provides 
a more refined projection of the age d is tr ib u tio n  o f the population, 
whereas the disaggregation technique takes an area's population a t some 
time and divides i t  geographically to each sub-area. By combining the 
two methods, a balanced projection and disaggregation is obtained. In
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BASE POPULATION *
ACES MALE FEMALE
0 — 4 14 714 13 946
5 - 9 17 095 16 848
10 -  14 18 088 17 057
15 -  19 15 320 15 699
2 0  -  24 11 929 15 227
2 5  -  29 13 320 13 607
3 0  -  34 11 064 11 328
35 -  39 10 697 11 299
4 0  — 44 11 227 11 654
4 5  -  54 11 416 11 804
5 5  -  64 7 735 8 766
65  -  99 15 989 12 985
MALE 5--YEAR SURVIVAL RATES *
AGES 1960 1970 2010 2015
0 - 4 .9 9 5 3 8 .9 9 6 2 2 .9 9 6 3 2 .9 9 6 3 2
5 - 9 .9 9 7 4 1 .99 779 .9 9 8 0 3 .9 9 8 0 3
10 -  14 .9 9 5 5 1 .9 9 5 4 5 .9 9 6 2 2 .9 9 6 2 2
15 -  19 .9 9 2 1 8 .9 9 1 4 6 .9 9 3 1 2 .9 9 3 1 2
2 0  -  24 .9 9 1 1 7 .99 051 .9 9 2 2 4 .9 9 2 2 4
25  -  29 .9 9 0 8 1 .9 9 0 3 8 .9 9 2 0 6 .9 9 2 0 6
3 0  -  34 .9 8 8 0 4 .98 761 .9 8 9 8 3 .9 8 9 8 3
35  -  39 .9 8 1 7 1 .9 8 1 5 4 .9 8 4 5 5 .9 8 4 5 5
4 0  -  44 .9 7 0 2 5 .97 127 .9 7 5 2 8 .9 7 5 2 8
4 5  -  54 .9 5 0 8 1 .9 5 4 1 2 .9 5 9 7 8 .9 5 9 7 8
55 -  64 .8 8 9 8 7 .8 9 3 7 6 .9 0 8 4 1 .9 0 8 4 1
65  -  99 .5 8 2 0 4 .7 0 3 1 1 .7 2 9 8 9 .7 2 9 8 9
f e m a l e  5 - y e a r  s u r v iv a l  r a t e s '
AGES 1960 1970 2 0 10 2015
0 - 4 .9 9 6 3 3 .9 9 7 0 4 .9 9 7 0 6 .9 9 7 0 6
5 - 9 .9 9 8 2 9 .9 9 8 5 3 .9 9 8 6 7 .9 9 8 6 7
10 -  14 .9 9 7 8 9 .9 9 7 9 3 .9 9 8 2 8 .9 9 8 2 8
15 -  19 .9 9 6 8 9 .9 9 6 4 8 .9 9 7 4 2 .9 9 7 4 2
20  -  24 .9 9 6 0 6 .99 624 .9 9 6 7 5 .9 9 6 7 5
25 -  29 .9 9 4 7 7 .9 9 5 0 8 .9 9 5 6 4 .9 9 5 6 4
30  -  34 .9 9 2 5 3 .99 274 .9 9 3 7 5 .9 9 3 7 5
35 -  39 .9 8 8 6 7 .9 8 9 0 5 .9 9 0 6 9 .9 9 0 6 9
4 0  -  44 .9 8 2 6 2 .9 8 3 5 2 .9 8 5 9 7 .9 8 5 9 7
4 5  -  54 .9 7 3 9 5 .97 539 .9 7 8 8 9 .9 7 8 8 9
55 -  64 .9 4 1 7 5 .94 735 .9 5 2 9 1 .9 5 2 9 1
65 -  99 .6 6 5 0 6 .70 178 .6 9 4 7 5 .6 9 4 7 5
F E R T IL IT Y  RATE*
AGES 1960 1970 2010 2 0 15
15 -  19 .4 5 5 .3 3 0 .3 5 5 .3 5 5
20  -  24 1 .2 8 5 .8 2 5 1 .0 1 0 1 .0 1 0
25 -  29 .9 8 5 .6 6 5 .8 3 0 .8 3 0
30  -  34 .5 6 0 .3 6 5 .4 0 0 .4 0 0
35 -  39 .2 8 5 .1 7 5 .1 4 0 .1 4 0
4 0  — 44 .0 8 0 .0 5 0 .0 3 0 .0 3 0
*U.S. Dept, of Commerce, Bureau of Che Census
Figure 2 -3 . Population Sub-Model Input
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Mill IE H H I I E NON-M NON-H TOTAL TOTAL TOTAL total T .TAL
ACE M A L E f E M A L k M A L E F E M A L E W H I T E N O N - M M A L E F E M A L E p : p .
0 -  A 9 9 9 8 . 9 3 7 2 . 365. 348. 1 9 3 7 0 . 7 1 2 . 1 0 3 6 2 . 9 7 2 0 . 2 0 : : 2 .
5 -  9 6 6 0 2 . 6 4 3 1 . 351. 3 3 7 . 1 3 1 6 3 . 6 8 8 . 7 0 3 3 . 6 8 1 8 . 1 3 8 5 1 .
10- lA 6 0 1 7 . 5 8 2 5 . 3 1 9 . 3 0 8 . 1 1 8 4 3 . 6 2 6 . 6 3 3 6 . 6 1 3 3 . 1 2 4 6 . .
1 5 -  19 8 3 9 0 . 7 3 2 2 . 3 1 6 . 2 9 2 . 1 5 7 1 2 . 6 0 8 . 8 7 0 7 . 7 6 1 3 . 1 6 3 2 : .
2 0 -  2 4 9 7 0 5 . 7 380. 3 0 5 . 2 5 0 . 1 7 0 8 6 . 5 5 4 . 1 0 0 1 0 . 7 6 3 0 . i 7 6 s 3.
2 5 -  29 7 9 0 5 . 6 5 4 1 . 272. 2 29. 1 4 5 2 6 . 5 0 1 . 8 2 5 7 . 6 7 7 1 . 1 5 5 2 7 .
J O -  3A 6 6 4 7 . 6 1 0 8 . 2 5 1 . 240. 1 2 7 5 4 . 4 9 1 . 6 8 9 8 . 6 3 4 7 . 1 3 2 4 5 .
3 5 -  39 5 2 0 7 . . 5 6 3 6 . 2 3 6 . 2 2 0 . 1 0 8 4 4 . 4 5 6 . 5 4 4 3 . 5 0 5 7 . 1 1 3 C 0 .
A O -  A4 4 7 7 8 . 5 2 9 8 . 2 1 8 . 183. 1 0 0 7 6 . 4 0 1 . 4 9 9 6 . 5 4 8 1 . 1 0 4 7 7 .
A 5 -  A 9 4 0 9 2 . 4 4 2 8 . 176. 154. 8 5 2 0 . 3 3 0 . 4 2 6 8 . 4 5 8 2 . 8 6 5 : .
5 0 -  5A 3 4 5 5 . 3 6 4 7 . 131. 123. 7 1 0 2 . 2 5 5 . 3 5 8 6 . 3 7 7 0 . 7 3 5 6 .
5 5 -  59 3 0 0 7 . 3 1 2 4 . 97. 105. 6 1 3 1 . 2 0 2 . 3 1 0 5 . 3 2 2 8 . 6 3 3 3 .
6 0 -  6 4 2 5 2 4 . 2 8 2 1 . 82. 80. 5 3 4 5 . 163. 2 6 0 7 . 2 9 0 1 . 5 5 0 C .
6 5 -  6 9 2 1 1 2 . 2 3 8 3 . 67. 64. 4 4 9 5 . 1 3 0 . 2 1 7 8 . 2 4 4 7 . 4 6 2 5 .
7 0 -  74 1 4 7 7 . 1 8 4 8 . 3 5. 50. 3 3 2 5 . 8 5 . 1 5 1 2 . 1 8 9 0 . 3 4 1 0 .
7 5 -  79 9 8 8 . 1 4 3 5 . 24. 36. 2 4 2 3 . 6 0 . 1 0 1 2 . 1 4 7 1 . 2 4 8 3 .
6 0 -  8 4 5 6 8 . 1 0 4 0 . 15. 27. 1 6 0 7 . 42. 583. 1 0 6 7 . 1 6 4 9 .
8 5  * 4 9 4 . 1 0 0 2 . 15. 29. 1 4 9 6 . 44. 5 0 9 . 1 0 3 1 . 1 54:.
T O T A L 8 4 1 2 5 . 8 1 6 9 0 . 3 2 7 6 . 3 0 7 4 . 1 6 5 8 1 5 . 6 3 5 0 . 8 7 4 0 1 . 8 4 7 6 4 . 1 7 2 1 6 5 .
P E R C E N T 4 8 . 9 4 7 . 4 1.9 1.8 9 6 . 3 3 . 7 5 0 . 8 4 9 . 2 1 0 0 . 0
M E D I A N  A G E 2 5 . 8 2 8 . 4 2 4 . 7 2 5 . 1 2 7 . 0 2 4 . 9 2 5 . 8 2 8 . 3 2 6 . 9
Figure 2-4. Population Model Output - - Population Projection
V A L \  F F M A L F
■ ms + BB
■ BB
■ m o -8 4 BB
■ BB
■■ 7 5 - 7 9 BBB
■a BBB
a a a 7 0 - 7 4 BBBB
BB8 BBBB
BBBB 6 5 - 6 9 BBBBB
BBBB BBBBB
6 0 - 6 4
5 5 - 5 9
5 0 - 5 4
BBBBBBBBB 4 5 - 4 9 BBBBBBBBB#
BBBBBBBBB BBBBBBBBBB
BBBBBBBBBBB 4 0 —4 4 BBBBBBBBBBBB
3 5 - 3 9
BBBBBBBBBBBBBB
3 0 - 3 4 BBBBBBBBBBBBBBB
BBBBBBBBBBBBBB#
2 5 - 2 9 BBBBBBBBBBBBBBB#
BBBBBBBBBBBBBBB#
2 0 - 2 4
BBBBBBBBBBBBBBBBBBBBBB
1 5 - 1 9
1 0 - 1 4
5 -  9 
0  — 4
1 0  0 1 
PEPCENT OF total
Figure 2-4 {Continued). Population Model Output - -  
D is tribu tion  by Age and Sex
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NET M I G R A T I O N
ro
IlO
WHITE NON-W WHITE NON-W
IGF GROUP FF m a l E FEMALE MALE MAI E TOTAL
0 4 575 . 3 8 . 6 3 0 . 3 6 . 1 2 7 9 .
5 - q 9 2 0 . 4 3 . 1 0 2 2 . 5 4 . 2 0 3 9 .
10 - 14 8 2 2 . 4 5 . 9 1 7 . 5 0 . 1 6 3 4 .
15 - 1« 9 6 3 . 5 8 . 1 0 8 6 . 6 3 . 21 7 0 .
20 - 24 ! 5 9 1 . 55 . 1 3 3 4 . 68 . 3 0 4 8 .
25 - 29 9 2 6 . 3 3 . 8 5 4 . 4 6 . 1 6 6 l  .
30 - 34 6 2 6 . 2 9 . 6 8 1 . 3 6 . 13 7 4 .
35 - 39 4 2 3 . 2 7 . 4 7 2 . 2 6 . 9 46  .
40 - 44 407  . 2 1 . 4 6 6 . 1 9 . 9 1 3 .
45 - 49 , 5 1 . 1 6 . 3 3 8 . 2 5 . 7 3 0 .
50 - 54 2 2 0 . 18. 2 5 6 . 1 4 . 5 0 6 .
55 - 59 2 1 1 . 16 . 2 1 4 . 1 3 . 4 5 4 .
60 - 64 2 0 1 . 1 2 . 1 8 7 . 8 . 4 0 6 .
65 - 69 1 8 2 . 1 4 . 7 9 . 1 0 . 2 8 5 .
70 - 74 1 5 7 . 7 . 1 1 3 . 5 . 2 6 2 .
75 - 79 1 4 5 . 4 . 8 1 . 3 . 2 3 3 .
90 - 84 106 . 3 . 5 9 . 2. 1 7 2 .
85 f 7 6 . 2 . 4 9 . 1 . 1 2 8 .
TOTAL 8 9 0 6 . 4 4 1 . 8 8 3 8 . 4 7 9 . 1 6 o 6 6 .
Figure 2-4 (Continued). Population Model Output - -  Net Migration
P:.PJLA1Iü \ b y  JCCUPAIIIJN
OCCUPATION POPULATION
PROFESSIONAL 2 4 0 7 4 .
m a n a g e r s 1 3 0 9 5 .
CLERICAL 2 0 2 8 3 .
SALES 5 8 0 2 .
FARMERS 1 6 1 4 .
FARMLABDRFR 8 9 6 .
S K IL L E D  LOR 1 0 3 5 0 .
OPERATORS 8 5 6 4 .
HSFHHLD WKRS 17 .
SERVICE WKRS 1 1 5 4 2 .
LABORERS 2 9 8 0 .
UNEMPLOYED 4 1 5 2 .
NOT EMPLABLE 5 4 8 8 3 .
ARMED FORCES 1 4 2 3 .
TOTAL 1 5 9 6 7 4 .
% UNEMPLOYED 4 , 0 2
TOTAL LABOR FORCE BY INDUSTRY
INDUSTRY LABOR FORCE
AGP ICULTiJPF 4 8 5 .
MINING 1 4 5 2 .
CONSTRUCTION 2 5 0 2 .
MANUFACTURNG 1 8 7 5 3 .
TRANSPORTION 1 8 8 8 .
TRADE 1 6 4 0 7 .
FINANCE 3 3 9 7 .
SERVICES 3 6 0 7 6 .
GOVERNMEMENT 2 2 4 0 8 .
TOTAL 1 0 3 3 6 7 .
Figure 2-4 (Continued). Population Model Output 
Occupation and Industry
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■Stortc Disaggregation
Dynamic DîsoggregoHon 
by Resource Concept
Notion
(State ;
! County!
F igure 2-5. D isaggregation Population Sub-Model
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Sample Age and Sex Disaggregation Equations 
p Values
Fi
Inter­
cept
Po
Density
Pi
Urbani­
zation
P2
Energy
P3
Water
P4
Land
P5
Income
P6
Male
Age
0-4 -0.06246 -0.02164 -0.01191 -0.00542 0.26193 -0.00335 0.00000
5-19 0.04791 0.18038 0.0054 -0.00118 0.26668 -0.00126 0.00000
20-24 0.11493 0.00549 0.00126 -0.00009 -0.02387 0.00009 0.00000
25-44 0.09795 -0.00663 -0.00324 -0.00059 -0.00430 0.00019 0.00000
45-64 -0.00552 -0.00634 -0.04353 -0.01257 0.15000 0.00063 0.00000
65+ -6.13428 0.38398 0.00930 -0.12765 7.99316 -0.13807 -0.00021
Figure 2 -6 . D isaggregation W eighting Factors
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both cases, computer printouts o f the population projections by five-year 
increments are lis te d  according to sex, age, household and labor force by 
income, population by occupation, and labor force (employment) by indus­
t ry .
Other population models could be used. For instance, Forrester's , 
the system dynamic model (8 ) ,  or tabulation of preconceived, or agreed 
to population values can be used. A more detailed discussion of the 
above model can be found in references (13) and (14). The computer pro­
grams can be found in  reference (11).
2.3 THE HOUSING MODEL
The housing model was designed to determine the housing needs in  an 
urban area. The model deals w ith households and housing units on an area 
wide basis. Households categorized and forecasted in the population 
model are used as inputs fo r the housing model. The output from the 
housing model includes the area wide housing needs by the type of house­
hold and the type o f housing.
A general flow chart o f the housing model is  shown in Figure 2-7.
The model is  essentia lly  a cohort-survival model in  which housing units 
go through an aging process. Households are also aged, but outside the 
housing model. The household data come from the population model. The 
model begins by aging housing units using a tra n s itio n  matrix. The 
housing tra n s itio n  matrix give the p robab ility  o f moving a housing un it 
from one o f the eighteen types of housing to another type w ith in  a cer­
ta in  time span. By th is process, the area's housing inventory changes 
in  value, type of structure, and type of occupancy. This m atrix, and 
other m atricies used in the model are given in  Figure 2-8.
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Aging Process
Inventory Households 
Housing Units
Proceed to Next Time 
Increment
Determining Total Active 
Demand and Supply
Determining Tentative 
Housing Demand and Supply
Initial Assignment of 
Households to Housing Units
Final Assignment, 
Determining Future Housing Needs
Figure 2-7. The Housing Model (14)
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roI
cn
Houting ly p . V o lo .* Tenure Structure
I low owner-occupied iingle-fom ily
2 low owner-occupied m ulti-fom ily
3 low renter-occupied jingle-fom lly
4 low renter-occupied m ulti-fam ily
5 medium owner-occupied jingle-fom lly
6 medium owner-occupied m ulti-fom ily
7 medium renter-occupied jingle-fom lly
8 medium renter-occupied multi-fom ily
9 high owner-occupied jingle-fom iiy
10 high owner-occupied m ulti-fom ily
I I high renter-occupied Jingle-fomlly
12 high renter-occupied mult’ -fom ily
13 low owner-occupied mobile
M low renter-occupied mobile
15 medium owner-occupied mobile
16 medium renter-occupied mobile
17 high owner-occupied mobile
18 high renter-occupied mobile
Houichold type
Ape of 
household heod
Household 
income *
*Fof owner-occupied units, value categories are defined according to the value o f Hie housing;
low -  less thon $ 1 5 ,00 0 .00
medium -  $ 1 5 ,00 0 .00  -  $ 2 5 ,00 0 .00  
high -  $25 ,00 0 .00  or more
For renter-occupied units, value categories are based on rent and defined as follows:
low -  less than $100.00/m onth
medium -  $100.00 -  $150 .0(ymonth 
high -  $150.0Q/month or more
1 less Ihon 25 low
2 25-29 low
3 30-34 low
4 35-39 low
5 40-44 low
6 45-49 low
7 50-54 low
8 55-59 low
9 60-64 lew
10 65 or over low
I I less thon 25 medium
12 25-29 medium
13 30-34 medium
14 35-39 medium
IS 40-44 medium
16 45-49 m.edium
17 50-54 medium
18 55-59 medium
19 60-64 medium
20 65 or over medium
21 less tlion 25 high ■
22 25-29 high
23 30-34 high
24 35-39 high
25 40-44 high
26 45-49 high
27 50-54 high
28 55-59 high
29 60-64 high
30 65 or over high
^Household Income categories ore defined os follows:
low -  annual income o f less than $ 5 ,0 0 0 .0 0
medium -  annual Income of $ 5 ,0 0 0 .0 0  -  $ 1 2 ,00 0 .00
high -  annual Income of $1 2 ,0 0 0 .0 0  or more
Figure 2 -8 . Housing Model M atrices - -  Terms Used (14)
roI
cn
To housing fype:
From housing type:
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 Demolished
1 .85 .00 .05 .00 .06 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .04
2 .00 .88 .00 .05 .00 .05 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02
3 .02 .00 .87 .00 .00 .00 .04 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .07
4 .00 .02 .00 .90 .00 .00 .00 .03 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .05
5 .01 .00 .00 .00 .88 .00 .05 .00 .04 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02
6 .00 .01 .00 .00 .00 .90 .00 .05 .00 .03 .00 .00 .00 .00 .00 .00 .00 .00 .01
7 .00 .00 .01 .00 .02 .00 ‘ .91 .00 .00 .00 .02 .00 .00 .00 .00 .00 .00 .00 .04
8 .00 .00 .00 .01 .00 .02 .00 .93 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .03
9 .00 .00 .00 .00 .02 .00 .00 .00 .92 .00 .05 .00 .00 .00 .00 .00 .00 .00 .01
10 .00 .00 .00 .00 .00 .02 .00 .00 .00 .92 .00 .05 .00 .00 .00 .00 .00 .00 .01
11 .00 .00 .00 .00 .00 .00 .02 .00 .02 .00 .94 .00 .00 .00 .00 .00 .00 .00 .02
12 .00 .00 .00 .00 .00 .00 .00 .02 .00 .02 .00 .95 .00 .00 .00 .00 .00 .00 .01
13 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .73 .05 .02 .00 .00 .00 .20
14 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .76 .00 .02 .00 .00 .20
15 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .10 .00 .69 .05 .01 .00 .15
16 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .10 .02 .72 .00 .01 .15
17 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .12 .00 .73 .05 .10
18 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .12 .02 .76 .10
F igure 2-8 (C ontinued). Housing Model M atrices - -  T ra n s it io n  M a trix
Housing Type
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Figure  2-8 (C ontinued). Housing Model M atrices - -  Preference M a trix
After the aging processes fo r  housing, households are assigned to  
housing according to a housing preference matrix. The housing preference 
matrix indicates the preferences of th ir ty  d iffe re n t types o f the house­
holds fo r each one o f eighteen types of housing.
A fter the in i t ia l  housing assignment, d issa tis fied  households are 
considered. The p robab ility  o f a household's d issa tis fac tion  with pres­
ent housing depends on its  re la tive  preferences fo r tha t housing. Thus, 
a very small percentage of households w il l  be d issa tis fie d  i f  th e ir  pres­
ent housing is  th e ir  f i r s t  choice, while fo r  those whose currently  assigned 
housing is  th e ir  la s t choice, the percentage o f d issa tis fie d  households 
w il l  be large. By applying these p robab ilities o f d issa tis fac tion  to 
the in i t ia l  housing assignment, the d issa tis fied  households can be otained.
The model then determines the number and types o f new housing which 
need to be added to the study area. This is  done by comparing the vacant 
housing with the number and type of households tha t are d issa tis fied  with 
th e ir  current housing and those which have recently migrated to the area.
Next, new housing is  " b u i lt "  in the sub-model based p a r t ia lly  on 
h is to rica l trends and p a r t ia lly  on current demands. Three options are 
available fo r th is new housing "build ing" process:
1. Let the model automatically "bu ild " the required 
housing according to a pre-programmed ra tio  in d i­
cating the d is tr ib u tio n  of new housing "b u ilt "  
based on the h is to rica l trends and current demand.
2. Participate in the decision making by changing the 
pre-programmed ra tio .
3. Execute the en tire  "build ing" process outside the 
model by adding a certa in  amount o f new housing 
units to the market.
To complete the assignment o f households to housing, the to ta l active 
demand and the to ta l active supply in each cycle are determined. The
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to ta l active demand includes: households without housing due to aging
(o f households or housing); households without housing due to  d issa tis­
fac tion ; and newly in-migrated households which are obtained from the 
population model. Those included in the to ta l active supply are: hous­
ing vacant due to aging (of households or housing); housing vacant due 
to d issa tis fac tion ; and newly "b u ilt "  housing.
A fte r the to ta l active demand and supply have been determined, the 
to ta l active demand is  assigned to the to ta l active supply by u t i l iz in g  
housing preferences as a guideline. This produces the complete assign­
ment o f households to  housing fo r  the study area fo r  the pa rticu la r time 
being considered. An example o f the model out-put is  shown in Figure 2-9.
The present housing model developed in conjunction with th is  research 
was based on the New York State housing model (15). A more detailed 
description of the present model can also be found in reference (l4 )-
2.4 THE HEURISTIC LAND USE MODEL (SUMMARY)
The heu ris tic  land use model was designed to ass is t in  urban land
use planning and as a means o f disaggregating the results o f the popula­
tion  and housing models, which are fo r  an urban area, to small u n it areas. 
In doing so i t  provides the "key" to  making the system o f models work. 
Because of i ts  heu ris tic  nature and f le x ib le  structu re , the model could
also be designated more generally, as the spatial structure model. To be
more spec ific , the model is  used fo r predicting land use and gathering
information of spatia l character in general which might have a s ig n if i ­
cant impact on the solution o f urban problems.
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HOUSEHOLD 18 NEEDS 
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Figure 2-9 (C ontinued). Housing Model Output - -  New Housing Needed
The basic structure of the model is  shown in Figure 2-10. The model 
consists of three main elements:
1. Information gathering.
2. Individual evaluation.
3. Group Evaluation.
These elements are designed to in te ra c t with one another and with the 
to ta l system o f models. Two main sequential components of the model are 
the modified Delphi and the gaming. The spatia l model as a whole uses an 
embedded ite ra tiv e  process to obtain answers to the questions under con­
sideration.
The model, as shown in Figure 2-10, begins with an information element 
consisting of both "hard" information and "so ft" information. The "hard" 
information is  tha t provided to the respondents being queried by the model 
user or documental information which he has access to from other sources. 
"Soft" information is  that which the respondent has in his "head" (his 
fee lings, in tu it io n , e tc .) tha t has been acquired previous to p a r t ic i­
pating in  the running o f the model. Respondents selected are not a random 
sample o f the population; they are those who have the motivation fo r  
investing the time necessary to synthesize the information provided to 
them. To make re a lis t ic  land use projections, the respondents selected 
are also those from land use or planning related agencies; e .g ., c ity  
counciImen, c ity  planners, real estate developers, concerned c itize n s , e tc. 
The information presented to the respondents changes with each ite ra tio n ; 
some o f the changes are due to additional information re fle c tin g  what 
transpired in the previous ite ra tio n .
The second element of the model, individual evaluation, consists o f 
the respondent's evaluation and response by means o f a questionnaire. An
2-23
.Start of Spatial Solution
(Additional Information)
Modified Delphi
Control
Evaluation/
Decision
Continue to Iterate
(Additional Information)
Gaming
Tentative
Solution
Evaluation Dnsatisfactory Solution
End of Solutio'
Summarization
Information
Group 
Evaluation/Reap.
Statistical Analysis 
& Summarization
Individual
Evaluation/
Response
Figure 2-10. Schematic o f  the Spatia l Model
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example of a response to a questionnaire is  the projection of land use 
by categories; e .g ., re s id en tia l, commercial, in d u s tr ia l, etc.
The responses are next summarized s ta t is t ic a lly ,  or graphically i f  
mapping is involved. The results are then evaluated and may also be used 
as information fo r the next ite ra tio n . This summarization is  ac tua lly  
the la s t step o f the modified Delphi component o f the model. Several 
ite ra tions of th is  Delphi can be used u n til there is  an ind ication o f 
su ffic ie n t consensus or s ta b iliza tio n  to proceed to the next form of 
questions, gaming.
The next element in the spatia l model is  another questionnaire pre­
sented th is  time to the entire group o f respondents and answered by means 
of a combination o f a game response and a w ritten  response. Information 
gathered a t th is  stage w il l  be evaluated by the whole group and then sum­
marized.
The summarization is  the same as the previous summaries. However, 
a ll the analysis and summarization tha t was done before is  done again 
while the additional information tha t came out o f the game is  added. This 
additional information w il l  be o f two types, factual and subjective. The 
factual information w i l l  e ither be presented as a l i s t  or a map, which­
ever is  appropriate. The subjective information w il l  be in  the form o f a 
scenairo. This summarization also ends the gaming component o f the spatia l 
model.
The la s t element in the spatia l model is  the evaluation o f a tenta­
tive  solution. Results from the modified Delphi, the game, and the addi­
t io n a lly  w ritten  responses are synthesized and evaluated. Then, there are 
three options available fo r the next step:
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1. The spatia l model is  brought to a conclusion and the 
next model is  considered.
2. Additional gaming is  pursued.
3. The whole spatia l model is  repeated.
In most cases, option (1) would be the choice or one additional 
c la r ify in g  w ritten  response would be necessary. I f  option (3) is  chosen, 
the Delphi process is  changed somewhat because there has been a face-to- 
face confrontation between the respondents; however, th is  does not neces­
s a r ily  degrade the procedure.
The output from th is  spatia l model w il l  be certain guidelines and 
recommendations fo r the projected land use in the study area to be used 
fo r future planning. I f  the model is  used fo r several time increments, 
the projection fo r each time increment should be evaluated by 
the consequence models before the next time increment is  considered.
2.5 THE TRANSPORTATION MODEL
The objective o f the transportation model was to develop a method­
ology which could be used to assist in  the planning o f an urban area 
transportation system. The network system transportation model developed 
in i t ia l ly  contains some mathematical programing d if f ic u lt ie s  and requires 
fu rther testing . The model was not used, but is  included here fo r  re fe r­
ence.
The in i t ia l l y  developed network system transportation model was based 
on goal-directed/backward-seeking model system. In th is  system, one 
starts w ith the goals fo r  selection o f transportation a lte rnatives and 
then proceeds through the consequences o f a lte rnative  plans to the selec­
tion  of the a lte rna tive  plan which w il l  best, or a t least s a t is fa c to r ily .
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achieve the desired goals. The components of the transportation system 
which are being considered in  th is  model are:
1. A c tiv ity  system.
2. Vehicle or person flow network.
3. Fixed plant network.
Input models to  the present model system are:
1. Boston di rect travel demand model.
2. The network performance or supply model.
3. The cost models.
The major components o f the network system models are:
1. The network generation model.
2. The optimal multimodal network model (auto and bus only).
3. The capita l cost model.
4. The optimal network development model.
The selection o f the optimal network is  done by mathematical programming 
w ith an objective function formulated to  minimize the cost o f the fixed 
plant o f the transport system while being subjected to constraints which 
include demand, technology, level o f service, or access ib ility . A simple 
flow chart o f the network transportation system model is  shown in  Figure 
2-11. A more detailed discussion o f th is  model can be found in reference 
(14).
2.6 THE WATER SUPPLY AND SEWERAGE
The water supply and sewerage models were developed to assist in  the 
planning of urban or regional water supply and sewerage systems. The pro­
posed methodology can also be used to  te s t a lte rna tive  designs and devel­
opment phases which w il l  then provide a basis fo r  the scheduling of these
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developments. The model was developed f i r s t  fo r  application to the water 
supply system, and with minor m odifications, was applied to  the sewage 
system.
The model f i r s t  deals w ith three functional sectors o f the urban
area:
1. Demographic sector.
2. Industria l sector.
3. Agricu ltu ra l sector.
These functional sectors are used to gather information fo r  a demand sub­
model which provides input fo r  the water supply and sewage network sub­
models.
The demographic sector re la tes the general population to the normal 
water consuming and sewage producing a c tiv it ie s  of the population: domes­
t ic ,  commercial, and public. Also included in  th is  category are munici­
pal losses which can be a ttribu ted  to leakage and unmetered connections. 
Water demands fo r  th is  sector are measured on a per-capita basis. The 
industria l sector is  concerned with the manufacturing uses of water as 
iden tifie d  by the Standard Industria l C lass ifica tion  (SIC) codes. These 
uses include tha t which is  needed fo r  cooling, b o ile r feed water, proc­
essing, and cleaning. The requirements fo r th is  sector are measured on 
a per-employee basis. The ag ricu ltu ra l sector relates to the water used 
fo r ir r ig a tio n  and is  measured on a per-acre basis.
The demand sub-model supplies information about the water demands 
and sewage outputs fo r the study area based on current and projected 
data accumulated from the output from the population model and other 
sources. The model uses selected technical coe ffic ien ts that were devel-
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oped or acquired from other sources. These coe ffic ien ts are then applied 
to the data f i le s  to acquire the water and sewage outputs.
The water network sub-model is  very extensive and has many elements: 
resources, withdrawal, consumption, q u a lity , transmission, treatment, 
storage, and d is tr ib u tio n . The sewage network sub-model also deals 
with many elements: return flows (both quantity and q u a lity ) , co llection,
treatment, discharge, receiving streams, and qua lity  c r ite r ia .
Figure 2-12 shows the structure of the wacer supply network sub-model. 
The model begins with the formulation of a lte rna tive  network and continues 
with a coarse so rt o f the a lte rnative  networks. By using an o u t-o f-k ilte r  
linea r programming algorithm, feasible a lternatives are analyzed, together 
with th e ir  associated costs, to reach the optimal so lu tion . The sewerage 
model also has the same format as the water supply model.
The model components and th e ir  sequential arrangement in general are 
indicated in Figure 2-13. The f i r s t  step is  to conduce the required inven­
tories fo r  the demand sub-model. Next, the projections of the sector 
parameters are made. Then, based on these projections and a set o f un it- 
use factors developed fo r the models, estimates of the to ta l water system 
requirements and sewage loads are determined. The water and sewage plan 
alternatives are then determined. Once the a lte rnatives are developed 
they are evaluated in terms o f the operational c r ite r ia  established for 
measuring cost and effectiveness. F in a lly , the com patib ility  o f the 
resu lting  plan with the comprehensive regional development goals must be 
evaluated and, i f  necessary, modifications o f the plan may be made to 
meet these goals. A more detailed discussion of the water and sewage 
models can be found in  references (1) and (14). Example factors used in  
the water model, and example inputs and outputs are shown in Figures 2-14
through 2-16.
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Unit capital cottt fa t Impounding rewrvoln. Including Intaka and pwnplng itatlon, 
aca given by
- .3 8
where
C , = 74.2X ^
C_ -  onnuol unît cost o f impounding rcjervoirs in thousands of 
dollars per billion gallons.
~ design copocity o f reservoir in billions o f gallons.
Equivalent onnuol cost for copitcl investment In pipelines is given by 
Cp = 4I.3Xp'-' ’^
where
Cp -  equivalent annual coit for pipelines in thousands o f  
dollars per mile per mgd.
Xg =  design capacity In mgd.
Annuel operation and maintenance costs for pipelines con be expressed os 
A p = 1 .3 2  X j," -'*’
where
Ap -  annual operation and maintenance cost In thousands of dollars 
per mgd of flow.
Xp = pipeline utilization level in mgd.
Treatment plant costs include the costs o f the treatment plont end treated water 
pumping plant. Unit capital costs ore given by
= 25.6 X^
where
=  equivalent annual unit cost o f treatment plant In thousands 
of dollars per mgd.
Xy =  design capacity o f  treatment plant in mgd.
Operation ond maintenance costs of the treatment plant, exclusive of chemical 
orxl power costs, ore given by
A^  = 7.25X’^ "-^^
where
Ay -  onnuol operation and maintenance of treatment plant 
In thousonds o f dollars per mgd.
Xÿ ‘  operating level o f plant in mgd.
Figure 2-14. Water Model Cost Factors (11}
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Ui« uni» capital co»t fer «ach pumping station I> given by 
- .3 1 4Cn = 6.65Xp
where
~ equivalent onnuol unit cost o f pumping jtotions in thousand] 
o f dollars per station per mgd.
Xp = design capacity o f pipeline.
Anrsual operation and mointenonce costs for pumping stations ore given by
A^  = 2.12X^
where
An = onnuol operation ond maintenance cost in thousands of 
dollars per station per mgd of flow.
Xp = pipeline flow level in mgd.
Treated water storoge requires o capital investment of 
- .2 7 4C «= 1 4 .3  
ts ts
where
= equivalent annual unit cost for treoted water staroge in 
thousonds of dollors per million gallons.
X ^  =  design copocity o f treated water storage fecPItles In 
mllllans o f gallons.
The design capacity is estimated as 25 percent of the maximum daily use. Operation ond 
maintenance costs for treated water storoge arc given by 
- .2 7 4
where
A^= l.SOX^  
ts ts
A ^  -  annual operotion and maintenance costs In thousands o f 
dollars per million gallons.
The capital cost for row woter storage is 
-.201
where
C = 1 .5 5  X  
rs rs
C = equlvolent onnuol unit costs fer row water storage In 
"  thousonds of dollars per million gallons.
X ^ =  row water storage design capacity in millions o f gallons.
The operation and mointenonce costs fer row water storage ore 
-.201
A = 0 . 1 0 X  
rs t*
where
A “  annual operotion and maintenance cost In thousands o f dollors 
^  per million gallons.
Figure 2-14 (Continued). Water Model Cost Factors
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WATEA OY :;ATER TREATIIEXT PLANT THOUSANDS Of GALLONS PER DAY YEAR 1970- 0
1 2 3 4 5 6 7 L
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SIC 252.0 32.0 23.0 112.1 14.0 61.6 14.0 478.6
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SIC 23 2625.1 660.5 291.7 1168.2 145.0 641.7 145.C 496 7.7
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SIC 31 30.7 12.7 4.3 17.2 2.2 9.5 2.2 75.5
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TOTAL ALL USER 29430.6 27035.1 3244.4 35093.1 705.7 3849.6 7C44.C 26C4:.3
Figure 2-16. Water Model Output - -  Demand (11)
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Figure 2-16 (C ontinued). Water Model Output - -  Network (11)
2.7 THE SOLID WASTE MODEL
The so lid  waste model was proposed to be used to assist in the plan­
ning o f urban or regional so lid  waste systems. As proposed the model 
consisted of three sub-models. The f i r s t  sub-model is  completely devel­
oped and validated. The second and th ird  sub-models are formulated but 
not validated. However, they were s u ff ic ie n tly  developed to be used in 
testing the system of models.
The model concept is  s im ila r to the water supply and sewage models. 
Three sub-models are used together as shown in Figure 2-17. S tarting with 
the present time, the cycle is  repeated in five  year steps u n t il the 
desired forecast year is  reached. At tha t time, a lte rna tive  so lid  waste 
disposal plans are investigated using the same procedures as w ith the 
water supply and sewage mcdels. Each o f the three sub-models is  described 
below.
The to ta l so lid  waste generation sub-model fo r  a typical U. S. metro­
politan area uses the predictions o f the population model to predict the 
volume of residentia l and commercial-industrial so lid  waste per year at 
a future year. In addition to the predictions from the population model, 
i t  is  assumed that there w il l  be an annual increase in  the amount of so lid  
waste generated per person.
The small area sub-model is  used fo r  predicting future res iden tia l, 
commercial, and industria l so lid  wastes fo r areas w ith in  the metropolitan 
area. I t  uses the predictions o f the population, housing and land use 
models, plus the results of the sub-model above. The procedure 
disaggregates the results o f the f i r s t  sub-model based on demographic 
characteristics o f the small areas and the location o f conmerical and 
industria l sources.
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Figure 2-17. The S o lid  Waste Model (14)
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The so lid  waste co llection and disposal sub-model minimizes the sys­
tems cost by a t r ia l  and error process. F irs t, given the sources and 
amounts of so lid  waste to be collected and the existing disposal s ite s , 
the cost o f co llec tion  and transportation from each generation s ite  to 
a ll reasonable disposal sites is  calculated. Second, the cost of co l­
lection and transportation from each generation s ite  to a ll reasonable 
additional disposal s ites being considered is  calculated. Third, an 
integer programming problem is  solved using the branch and bound algor­
ithm. The solution to  th is  problem w il l  show the least cost and the way 
the co llections should be made fo r  the disposal sites being considered. 
Fourth, the cost of the disposal s ites used are added to the other costs. 
F ifth , the process is  repeated using more or less s ites u n til the least 
expensive combination of disposal s ites is  found.
The f i r s t  and second sub-models have not been published. The th ird  
sub-model has not been published as proposed, but is  s im ila r to a model 
published by Williams Brothers Engineering Company (15).
2.8 THE AIR POLLUTION MODEL
The a ir  p o llu tion  model was developed by using demographic parameters 
to predict fu tu re  a ir  po llu tion  emissions, concentrations, and cost-to- 
abate fo r urban areas. A simple diagram o f the model structure is  shown 
in Figure 2-18.
The demographic parameters used are population, number o f passenger 
vehicles registered in  the county, and the percent o f the work force 
employed in manufacturing. The types of pollutants considered are par­
ticu la te s , s u lfu r dioxide, carbon monoxide, nitrogen oxides, and hydro­
carbons. By using the results from regression analysis, future a ir
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Figure 2-18. The A ir  P o llu tio n  Model (14)
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po llu tion  emissions, measured on one-ton-per-square-mile-per-year basis, 
can then be predicted w ith in  a reasonable level o f confidence fo r  an urban 
area.
Reduction in  a ir  po llu tion  emissions from mobile sources, as a resu lt 
of the A ir Quality Acts (7) requirement fo r manufacturers o f reduced pol­
lu tion  engines by 1975-1976, is  also considered in  predicting future pol­
lu tion  emissions. Assuming tha t a 10-year period w i l l  be required fo r 
the eventual replacement o f high po llu tion  potential engines, a step func­
tion  was included in the model to complete the reduction in a ir  po llu tion  
emissions from mobile sources.
A meteorological retention fac to r, developed by George C. Holzworth 
(9), was also included in  predicting the fu ture concentration o f a ir  pol­
lu tion  in  a c ity .  Holzworth's retention factors are presented as 
isopleth values. This averaging is  ju s t if ie d  by the fa c t, 
tha t the progression o f the values between isopleths was p rac tica lly  
linear.
The model also determines i f  the predicted a ir  po llu tion  concentra­
tion  w i l l  be w ith in  the lim its  o f the ex is ting  legal standards. This is 
done by computing the difference between the predicted concentration and 
the standards. I f  the concentrations exceed the standards, the amount 
of the excess is  considered to be the amount tha t must be abated in the 
fu ture. F in a lly , the model predicts the to ta l costs-to-abate by m u lti­
plying the number o f tons in excess o f the standards by an average cost- 
per-ton-to-abate, developed by Le Sourd, e t. a l. (10).
A more detailed discussion o f th is  model can be found in  reference 
(4) and (14). An example o f th is  model's output is  shown in  Figure 2-19.
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Predicted and Measured Concentrations for Validation Cities
CITY
CONCENTRATION ^ jg / M l
PART
PRED MEAS
SO,
PRED MEAS
CO
PRED MEAS
N O
PRED MEAS
HC
PRED MEAS
roI
w
Detroit
Memphis
Denver
Chattanooga
St. Louis
Atlanta
Indianapolis
Milwaukee
Tulsa
171
82
30
55
74
60
68
100
39
140
90
40
72
95
70
80
117
53
328
127
44
72
121
90
107
169
54
300
130
60
52
130
100
130
156
78
253 320
683 650
606 540
45 58 320 404
37 40
Average 
Prediction 
Accuracy %
81 .33 84.62 87.77 85.04 79 .20
Figure 2-19. A ir  P o llu t io n  Model Output (14)
2.9 THE DRAINAGE MODEL
The main objective o f the drainage model was to develop a method 
which can be used to provide indicators concerning po llu tion loads in 
storm run -o ff drainage. The model used here was taken from three pre­
vious studies (2 ), (3 ), (6). In these studies regression analysis was 
used as the technique fo r obtaining indicators.
Two predictions o f water ru n -o ff volume are used in  the present 
study. The f i r s t  prediction is  fo r  the volume of run-o ff o f individual 
events. The method fo r  estimating th is  storm water run-o ff volume is  the 
"Rational Method" (5). The second prediction estimates the average 
monthly, seasonal or annual ru n -o ff volume. The method used in  the second 
prediction is  to calculate the to ta l area of impervious surface then mul­
t ip ly  by an appropriate ru n -o ff co e ffic ie n t and by local p rec ip ita tion  
data to determine the ru n -o ff from the impervious portion o f the water­
shed. Run-off data fo r a p rim a rily  undeveloped watershed in  the v ic in ity  
are then used to estimate ru n -o ff volumes from the pervious areas of the 
drainage shed in question. The to ta l amount of run-o ff is  given by the 
sum of ru n -o ff volumes from the impervious and pervious areas.
The parameter concentrations are obtained through regression analy­
s is . The four po llu tan t items studies are to ta l coliform , COD, to ta l 
so lids, and soluble orthophosphates. Regression equations o f these 
po llu tan t items are derived fo r residentia l areas, commercial and indus- 
t r a i l  areas, and combined land use. These models are based on the e s t i­
mation o f dispersed, rather than loca lized, po llu tion  sources. The 
existence o f localized sources o f pollutants w ith in  the watershed being 
studies would, o f course, re su lt in  higher concentrations than would be 
predicted by the models. An example o f one portion o f the model ( to ta l 
so lids) is  shown in Figure 2-20.
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Hie best regression equations for total solids and their coefficients o f correlation (R)
for combined land use area:
M ^= 2.12+ 50.2 (X^g)
R = 0.733
for residential area:
M ^= -139 -  15.4 (X^q) + 16.0 (X^g) + 2.57 (D^)
R = 0.765
for commercial and industrial area:
M ^= 162+ 67 (X^g)
R = 0.839
where.
= Total solids (Arithmetic mean) in  mg/1. 
= Fall o f drainage area in f t .
^10”  Covered sewer/total length
X^2= Non-arterial streets in area/to ta l area
X^g= Unused space in area/to ta l area
Figure 2-20. Total Solids Sub-Model (14) 
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2.10 SUMMARY
The system of models is based on the population model, the driv ing 
force of the complete urban system. The housing model and heuris tic  land 
use models are then used to pro ject future housing needs and land use.
The results o f these projections are evaluated by the consequences models; 
the transportation model, the water supply model, the sewerage model, 
the so lid  waste model, the a ir  po llu tion  model, and the drainage model. 
Outputs from these consequence models are evaluated by experts in th e ir  
respective f ie ld s .
In the system o f models presented here, no formal experts' evalua­
tion  procedures are formulated. The results  from the present consequence 
models are presented to the professionals (e ,g ,, engineers, managers, 
technicians, e tc ,) , and they w il l  evaluate the decision consequences. I f  
the evaluation indicates tha t demands are not being met or results in d i­
cate that the decisions are un re a lis tic  or im practica l, a feedback loop 
w il l  enable a new set o f decisions to be made in the land use model. 
Otherwise, the projection w i l l  proceed to the next increment of the plan­
ning period by running the population model again to  s ta r t a new loop o f 
the urban system analysis,
A surrniary of a l l  the sub-models is  shown graphically in  Figure 2-21. 
Table 2-1 is  the summary of a ll sub-models ind ica ting  the objectives, 
the basic methodology, input data, and output of each model.
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Migration— ^ 
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Figure 2-21. Summary o f  In fo rm ation  Flow
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Table 2-1 , Summary o f Models
ro
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00
Model Objective Hethod(s) Input Output
Population Forecast regional population Cohort survival or disaggre­
gation
Base population,
Fertility and survival rates, 
and migration
Population
Forecast Income 
Forecast employment and 
occupation
Statistical distribution 
regression
Income
Employment and occupa­
tion
Boualng Forecast regional housing 
demand
Input-Output matrix and 
cohort survival
Base housing and population 
and Income
Housing requirements
Land Use Forecast land use and 
periphlal attributes.
Delphi and Gaming Output from population and 
housing models 
Existing land uses and per­
sonal information
Population and housing 
by small areas, land 
uses and personal In­
sights concerning 
development
Transportation To provide Information to 
assist in urban transpor­
tation planning
Mathematical programming 
(Separable variable 
programming)
Transport demand by modea. 
Network performance cnaC.
Transport network bated 
on cost and nui>d.
Water Supply To provide Information to 
assist in urban water 
planning
Mathematical programming 
(Out-of-kilter algorithms)
Current water use by type of 
users. Unit cost of water 
network.
Projected water use by 
categories. The flow 
for each link In the net­
work and cost.
Sewage To provide Information to 
assist in urban sewerage 
planning
Same as water model X of water used that is re­
turned as sewage. Unit cost 
of sewage network.
Projected sewage volume. 
The flow for each link 
in the network and cost.
Solid Waste To provide information to 
assist In urban solid water 
management
Same as water model Waste generation. Unit cost 
for transport and disposal. 
Network.
Projected solid waste 
generation. The load 
in each route in the 
network and coat.
Drainage To provide indicator con­
cerning storm runoff drain­
age in an urban environment.
Regression Analysis Population, X of arterial 
streets,, length of main 
stream, % of unused space, 
X industrial land.
Consentration of Coliforma 
COD,total solids, sol­
uble orthoaphosphates.
Air Pollution To predict future air pol­
lution
Correlation Analysis Population, Auto reglstra- 
eion, X of work force in 
isanu factoring.
Emission concentration 
and abatement coat pre­
diction.
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CHAPTER 3 
OPERATION OF THE SYSTEM OF MODELS
3.1 USES OF THE MODELS
The system o f models is  intended to suggest what an urban area can 
reasonably become or be made to become by selecting certa in planning 
options. By so doing, the system can be o f fu rthe r use in  ind icating 
which options can move the urban area toward or away from a fu ture state 
described by the models. The end re su lt is  to  c la r ify  the viable options 
and to influence the choice o f a lte rna tive  actions in  the present. These 
models do predict a future s ta te , but no model ye t conceived can predict 
the fu ture with absolute accuracy. The in te n t here was to  produce a set 
of models with s u ff ic ie n t forecasting a b i l i t y  fo r use as a planning base.
The nature o f urban planning is  such tha t fo r  a model or set of 
models to be most useful, indeed even used a t a l l ,  i t  must have the capa­
b i l i t y  to produce more than long-range comprehensive forecasts. Compre­
hensiveness is  necessary to produce re a lis t ic  long-range forecasts, yet 
the practicing planner is  more often concerned with incremental problems. 
I f  he does not have a practica l capab ility  o f looking at these day-to-day 
situations in the l ig h t  o f comprehensive guide lin e s , then the e ffe c tive ­
ness o f the systems approach is  greatly diminished. Thus, in  addition to 
being used fo r  looking at an urban area from a comprehensive view point, 
these models are intended to be useful in addressing questions tha t need
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to be answered quickly and from a lim ited  point o f view. This dua lity  o f 
use requirement is  fa c il ita te d  by means o f a system of re la tiv e ly  simple 
modular models which can function e ithe r as a system when a comprehensive 
forecast is  desired or as ind iv idua l models or subset o f the system when 
the s itua tion  requires th is . The modular scheme gives the system the fo l ­
lowing additional capa b ility . P o lit ic a l and economic considerations d ic ­
tate that any system of models, such as tha t presented here, must also 
have the capab ility  o f being used in  conjunction w ith existing  models 
which might previously have been developed or adopted. Further, the 
scheme allows fo r  ever present p o lit ic a l re a lit ie s  such as commitments to 
previous forecasts that might be compromised by a new forecast. In these 
s itua tions, a system that could not incorporate previous work would not 
be useful simply because the users would not want to  use i t .  Although 
com patib ility  w ith unknown models and forecasts cannot be guaranteed, 
th is  system of models should be usable in most s itua tions .
The system o f models can also be used as a teaching device and an 
information gathering device. Though not designed fo r  th is  use, the 
gaming part is  especially well suited fo r  both applications. For example, 
i ts  use in  the education o f lay decision makers might be a ttra c tive . Per­
haps o f more in te re s t to the practic ing planner, these games can also be 
used as an information gathering device. The nature o f the in teraction 
that occurs during a game stimulates the exchange o f information between 
players. I f  tapped, th is  information could be of use in decision making.
The intended users o f the system were o r ig in a lly  envisioned to be 
an in te rd isc ip lin a ry  team o f experts in the urban area. Such a s itua tion
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may not always be possible but by designing the system fo r  use by such a 
team, the f le x ib i l i t y  is  always there to  substitu te  persons not recognized 
as experts. The system can be used by any group in tim ate ly knowledgeable 
about the p a rticu la r urban area. Each individual does not have to be 
knowledgeable about the whole urban area, but as a group the users must 
have as great a knowledge of many aspects o f the urban area as possible.
3.2 SYNOPSIS OF MODEL USAGE
During the development and in the testing  o f the ind iv idual models 
and sub-systems o f models, the Indian Nations Council o f Governments 
(INCOG) region o f northeast Oklahoma o r, in one case, the Association of 
Central Oklahoma Governments (ACOG) region o f central Oklahoma was used 
as the study area. The use o f the models in these tes t cases were ana­
logous to the ro le  o f looking at sp e c ific , tim ely questions from a lim ited 
point o f view: the use s itua tion  mentioned above. In a l l  cases, except
tha t o f land use, the s ta ffs  of the planning agencies o f the region and 
the facu lty  and s ta f f  at the University of Oklahoma were used to run the 
models. In the case o f the land use model, various classes a t the Uni­
ve rs ity  of Oklahoma were used fo r development and tes ting . These clases 
were e ithe r in  sociology or engineering and approximated in  the in te r­
action that might be expected from an in te rd is c ip lin a ry  group.
A detailed summary o f the usage of the land use model as a in d iv i­
dual model is  given in the fo llow ing chapter. A cursive summary o f usage 
of the models as sub-systems and individuals is  given below.
Various forms of the population model have been used a number of 
times previous to and concurrently with th is  study. For the purposes of 
th is  study, the model was modified to make i t  easier to use and to mesh
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easily w ith the other parts o f the system as explained before. As an 
independent model, i t  was used to predict future population fo r  the INCOG 
area. As part o f a sub-system, i t  was used with each o f the other sub­
models except fo r the land use model. When used with the housing model,
the program was modified s lig h t ly  so tha t the two models actua lly became 
one computer program. Here, again, INCOG was the area used. In the case 
o f the water and sewage models, these models (water, sewage, and popula­
tion ) were used as a sub-system. Here, ACOG was the area used.
The land use model, as an individual model, did not use the results 
of the population model; ra ther, exogenous population and housing forecasts 
fo r  the INCOG area were used. The gaming part of the land use model was 
developed f i r s t .  The refinement o f the land use game took place in  three
d iffe re n t classes a t the University of Oklahoma: one undergraduate c iv i l
engineering class and two d iffe re n t undergraduate sociology classes. These 
f i r s t  games provided s itua tions fo r gaming experience with the game and 
re fin ing  the mechanics. Next the Delphi part o f the land use model was 
added and a fourth c lass, a graduate c iv i l  engineering class on urban sys­
tems, used the whole model. This time, the model was more t ig h t ly  struc­
tured and tested the hypothesis that th is  method provided convergence with 
respect to  the formulation o f a consensus of opinion on the use o f the 
land. In a ll four classes, the students were b r ie fly  introduced to the 
concept o f gaming; the graduate class also received ins truc tion  in  the 
Delphi technique as a method o f problem solving. Next the land use model 
was run using a spec ia lly  designed and prepared map of the Tulsa metro­
politan area as a game board.
A detailed summary of the operation of the to ta l system of models 
is  given below. This investigation o f the usefulness o f the to ta l system
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o f models in  a comprehensive long-range planning role was done by pro­
ducing a long-range plan for the small urban area of Washington and Benton 
Counties in  northwest Arkansas. The primary urban center in  th is  area is  
F aye ttev ille , where the University of Arkansas is located (Figure 3-1).
Here, the students taking a short course on urban environmental systems 
were used to te s t the whole system, except fo r the a ir  p o llu tion  and 
drainage models which were included in the tes t la te r  by the s ta f f  at the 
University o f Oklahoma.
The students taking part in the short course included professional 
engineers, a s ta f f  member from the regional planning agency, graduate stu­
dents from the schools of engineering and public administration and under­
graduate engineering students: a to ta l o f 17 students. A ll the p a r t ic i­
pants had some knowledge of the entire  area, though in some cases with the 
students from the University, knowlege was concentrated on the area sur­
rounding the University o f Arkansas, Faye ttev ille , and Springdale. Approx­
imately one-th ird o f the participants had worked fo r  or w ith an urban or 
regional planning agency.
A fte r the students were introduced to  the methods and models, they 
were asked to  take part in a Delphi probe to establish fu ture  trends in 
migration and housing characteristics fo r the area and to c o lle c t s ta t is ­
t ic s  on h is to r ic a l data fo r analysis (Figures 3r2 & 3-3). The resu lting  fo re ­
casts were used, along with other data, to run the population and housing model 
computer programs. The other data was base population and housing inventories 
from censuses. In the population model, the f e r t i l i t y  rates and death 
rates used fo r  the INCOG studies were assumed to be correct fo r th is  area 
also. The m atricies used in the housing model were also bas ica lly  those
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Population
1. What has the net migration been In the past 5 years for persons:
5 - 1 4 ______________
15 - 19 ______________
20 - 24 ______________
25 - 29 ______________
30 - 34 ______________
35 - 39 ______________
40 - 44 ______________
45 - 54 ______________
55 - 64 ______________
65 - 99 ___________ __
2. What will the net migration b e  in the next 10 years for persons:
5 - 1 4 ___________________
15 - 19 .___________________
20 - 24 ___________________
25 - 29 ___________________
30 - 34 ___________________
35 - 39 ___________________
40 - 44 ___________________
45 - 54 ___________________
55 - 64 ___________________
65 - 99  _____________________
Figure 3 -2 . Popula tion  Delphi Questionnaire
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Hounlng
1. What percent of the households have an lucc-.ne of:
leas than $6,000____________
6,000  -  $ 12,000  _______________
More than $17.,000____________
2. What porcent of the houses arc:
single family 
multi- family 
mobile
3. Wliat percent of single family homes are renter occupied?
A. What percent of single-family owner-occupied homes have a value of:
less than $15,000 _____________
$15,000 - $25,000 ______________
More than $25,000  _____________
5. What percent of single-family renter-occupied hoaiea have a rent of:
less than $100 ___________
$100 -  $200 ___________________________
More than $200 _____________
6. What percent of multi family ho<nes have a rent of:
less than $100 ____________
$100 -  $;:oo__________
More than $200 _____________
Figure 3-3. Housing Delphi Q uestionnaire
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used in  the INCOG studies—changed where necessary as a result of the 
Delphi.
Following the running of the population and housing models, another 
Delphi was constructed to  determine what type of industries might be attracted 
to the area (Figure 3-4). Due to the lim ited  amount of time available fo r
the course, th is  and succeeding Delphi's were abbreviated to make possible 
the summing of the complete system. Because of the abbreviated Delphi, 
the results were altered where they deviated appreciably from the predic­
tions available from the Northwest Arkansas Regional Planning Commission.
The land use model was then run. The f i r s t  step in th is  model was 
a Delphi on potential res identia l areas and industria l sites in  the two- 
county region. Here, a short cut was taken from the method described in  
de ta il in the chapter on the land use model fo r the handling o f spatia l 
responses. Each person made an overlay map fo r a response on tracing 
paper. By superimposing these overlays i t  was possible to quickly approx­
imate the q u a s i-s ta tis tic  associated with the graphical responses.
The second step in  the land use model was a game. For th is  game, the 
seventeen partic ipants were divided into three major groups: developer-
oriented, government-oriented, and c itizen-oriented. The development- 
oriented group consisted o f two individuals concerned with industria l 
development, one concerned with commercial development, and three concerned 
with residentia l development. The government-oriented group consisted o f 
five  ind ividuals representing one each from the follow ing.
The regional planning group, the c itie s  o f Fayetteville  and Springdale, 
the c it ie s  of Rogers and Bentonville, the remaining towns in  Washington 
County, and the remaining towns in  Benton County. The c itizen-oriented
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Industrial
Rate the following manufacturing groups as to their likelihood of coming
to the area in the next 10 years. very very
unlikely likely
0. 1. 2. 3. 4. 5.
Food and Kindred products
Tobacco >tanufactures 
Textile mill products
Apparel and other finished products made from 
fabrics and similar materials
Lumber and vood products, except furniture
Furniture and fixtures
Paper and allied products
Printing, publishing, and allied Industries
Chemicals and allied products
Petroleum refining and related industries
Rubber and miscellaneous plastics products
Leather and leather products
Stone, clay, glass and concrete products
Primary metal industries
Fabricated metal products, except machinery and transportation 
equipment
Machinery, except electrical
Electrical and electronic uacliinery, equipment, and supplies 
Transportation equipment
Measuring, analyzing and controlling instruments; photographic, 
accical and optical goods; watclics and clocks
Miscellaneous manufacturing industries
Figure 3-4 . In d u s tr ia l Delphi Questionnaire
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group consisted of s ix  partic ipants representing land owner groups and 
eco log ica lly  involved groups.
To s ta rt the game, each individual or small group was given an assign­
ment. The developers assignment was to  locate where the preferable s ites 
o f development were fo r th e ir  area of in te re s t. In doing so they had to 
account fo r the projections from the previous sections o f the models. The 
players having the roles of governmental bodies were given the assignment 
of producing plans and guidelines fo r  development. The citizens were 
given the task o f iden tify ing  important factors o f the area which might 
have an e ffe c t o f development. This group u ltim a te ly  made th e ir  own plan 
fo r  development.
A fte r the f i r s t  task was complete, the developers presented th e ir  
desired development plans. I f ,  fo r example, the residentia l developers 
proposed the development o f an area in rura l Benton County, they would 
present th e ir  proposed development before the regional planning agency 
and the county representative. One or more c itizens would attend th is  
presentation to  express th e ir  views. Once the major arguments had been 
made, the group decided on the events most l ik e ly  to  occur.
Normally, before progressing to  the next stage in the system o f 
models, there would have to be a decision as to  the acceptability  o f the 
land use re su lts . This could mean tha t a ll or part o f the model would be 
repeated. In the tes t case, the results were accepted but modified s lig h t ly  
where the game operator f e l t  a change in the forecast was warranted.
In the next step o f the system o f models, the students were divided in ­
to three groups fo r the purpose of working with three of the technical 
sub-models. The three models chosen were the water supply, sewage, and
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so lid  waste models. Each group was asked to formulate a plan (water 
supply, sewage, or so lid  waste) to meet forecasted demand in  1985. In 
formulating th is  plan, each group determined the demand from information 
from e a rlie r  phases o f the model system, then formulated a t least two 
a lternatives and evaluated them.
3.3 VALIDATION OF THE MODEL
The idea of producing reasonable results is  basic to model v a lid ity  
but has often been the sole c r ite r ia  used in  va lida tion . Yet, th is  one 
c r ite r ia  indicates nothing about the usefulness o f the model in  question, 
and usefulness should also be a necessary c r ite r ia  fo r v a lid ity .  Some 
administrators would argue tha t i t  is  the only necessary c r ite r ia .  Thus, 
in  th is  study, in  addition to the requirement o f producing reasonable 
resu lts , a va lid  model is  one judged useful to those fo r  whom the model 
was intended. Though th is  requirement is  "above and beyond" th a t normally 
required fo r  a model to  be deemed v a lid , i t  is necessary to  ensure that 
the system o f models can be used in day-to-day planning s itua tions . There­
fo re , the d e fin it io n  o f v a lid ity  was extended to include a declaration of 
usefulness.
The results o f the f in a l te s t, involving the en tire  system o f opera­
ting  models, were o f two types: numerical resu lts  involving the model 
outputs and s ta t is t ic a l analysis and, most im portantly, a subjective 
resu lt concerning the usefulness o f the approach. Looking at the results 
in  sequential order, the f i r s t  results were from the Delphi concerning 
population and housing a ttribu tes  in Washington and Benton Counties, 
Arkansas are shown in  Tables 3-1 and 3-2 (population and housing results 
respective ly).
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Table 3-1. Population Delphi Results
Net Migration 1965-1970
Age Group, Year Median Response, No.
5 - 14 +2,000
15 - 10 +2,000
20 - 24 +2,000
25 - 29 +500
30 - 34 +750
35 - 39 +500
40 - 44 +500
45 - 54 +1,000
55 - 64 +1,900
65 - over +800
Net Migration in the Next 10 Years
Age Group, Year Median Response, No.
5 - 14 +3,000
15 - 19 +3,000
20 - 24 +4,600
25 - 29 +2,000
30 - 34 +1,600
35 - 39 +1,200
40 - 44 +1,200
45 - 54 +2,500
55 - 64 +2,900
65 - over +1,500
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Table 3-2. Housing Delphi Results
Household Income Single-Family Owner-Occupied House
Income Median Response, % Value Median Response, X
Less Chan $6,000 26 Less than $15,000 30
$6,000-$12,000 45 $15,000-$25,000 45
Mote than $12,000 25 More than $25,000 25
Housing Type Single-Family Owner-Occupied House
Type Median Response, X Rent Median Response, Z
Single family 65 Less than $100 20
Multi-family 25 $100-$200 60
Mobile 10 More than $200 20
Occupancy Multi-Family Renter-Occupied
Occupancy Median Response, X Rent Median Response, %
Renter 30 Less than $100 20
$100-$200 65
More Chan $200 20
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The results o f the Delphi, which were of a h is to rica l nature and 
which could be compared to census data, are again shown in  Table 3-3 with 
that census data. The Delphi resu lt o f the population portion of the 
Delphi, which consisted of h is to ric  migration estimation, was in  obvious 
e rro r concerning the age groups of college students and re tire d  persons. 
The explanation fo r  th is  discrepancy probably stems la rge ly  from two 
sources. The e rro r, re la tive  to other groups, concerned the age group 
o f most college students due to the confusion on the part o f some o f the 
partic ipants as to whether they should include the student body o f the 
University o f Arkansas in th e ir  estimates. Many did not include these 
students which resulted in an underestimation of in-m igration of the 15- 
19 age group and likewise an underestimation o f the out-m igration of the 
20-29 age group. The e rro r in the retirement age group was probably due, 
in some degree, to the use of 1965-70 as the tes t period. During 1970- 
75, there was a large growth in  retirement communities in  the area, which 
probably biased the estimate. The resu lts  o f the housing portion o f the 
Delphi were more consistent w ith respect to census data. The a b il i ty  o f 
the Delphi to produce accurate estimates was tested by means of the bino­
minal d is tr ib u tio n . With 15 out o f 20 means approaching the true values, 
the null hypothesis tha t the response means approached the true values due 
to chance (Hq: P=Poi Pb=l/2), could be rejected a t a s ig n ifica n t level o f 
approximately 0.1.
Using the results o f the population-housing Delphi on migration and 
housing trends, the population-housing model program was run to project 
future population levels and housing requirements. A summarization of 
the re su lt is  shown in  Table 3-4. Following th is ,  another Delphi was
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Table 3-3. Delphi and Census Estimates
Met Migration 1965 - 1970
Age Group. Yr. Delphi Estimate. No. 1970 Census Estimate. No.
5 - 1 4 +  2,000 +  1,864
15 - 19 +  2,000 +  3,533
20 - 24 +  2,000 +  3,073
25 - 29 +  500 - 371
30 - 34 +  750 307
35 - 39 +  500 570
40 — 44 +  500 578
45 - 54 +  1,000 1,272
55 - 64 +  1,900 1,370
65 - over +  800 
Household Income
913
Income Delphi Estimate. % 1969 Census Estimate. No.
Leas than $6,000 26
(Adjusted to
28
$6,000-512,000 45 45
More than $12,000 25
Housing Type
27
Type Delphi Estimate. % 1970 Census Estimate, No.
Slngle-famlly 65 80
Multi-family 25 14
Mobile 10
Occupancy
6
Occupancy Delphi Estimate, Z 1970 Census Estimate, Z
Renter 30 35
Slngle-Fiimlly Owner-Occupied Homes
Valir Delphi Estimate, Z 1970 Census Estimate. Z
less than $15,000 30
(Adjusted to IS
34
$15.000-525.000 45 54
More than $25,000 25 21
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Table 3-4. Housing Model Results
Forecasted Additional Housing 
Units Required
Type 1985 1995
Single-low 1,718 1,826
Multi-low 495 525
Single-med. 3.712 4,535
Multi-med. 1,070 1,307
Single-high 1,133 1,428
Mobile 88 94
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conducted to determine what type o f industries might be attracted to the 
area. Due to the lim ited  amount o f time available, th is  Delphi was not 
carried to completion and was not analyzed s ta t is t ic a lly .  The prediction 
o f the Delphi and the analysis o f possible future industria l development 
in the area conducted by the Northwest Arkansas Regional Planning Commis­
sion were used to a rrive  at figures to be used in  the remainder o f the 
modeling process (Table 3-5). Next, the land use trends fo r the area 
were predicted by means of an additional Delphi. Again, due to the 
lim ited  time, the Delphi was not carried as fa r as i t  might have been, 
yet the results seemed to coincide reasonably well with the studies done 
by the Northwest Arkansas Regional Planning Commission. For comparison, 
the summary fo r  future industria l land use resu lting  from the Delphi and 
that supplied by the Regional Planning Commission are shown in  Figures 
3-5 and 3-6 respectively. Again, due to the abbreviated Delphi, no sta ­
t is t ic a l  analysis was conducted.
Using th is  data, the land use game was then played. The results of 
the game were somewhat mixed in  the level o f disaggregation obtained in 
d iffe re n t areas. Here again, the element of time was a lim itin g  fac to r. 
While those partic ipants playing the parts of c itize n  groups and govern­
mental agencies were able to formulate fa ir ly  detailed plans and po lic ies , 
those taking the parts of developers had trouble deciding on the types 
and d is tr ib u tio n  o f industria l development by SIC codes and industria l 
s ites. Based on observation o f the partic ipant play, the reason seemed 
to be tha t while the partic ipants playing the parts of c itizen  groups 
and partic ipants playing the parts o f governmental agencies were able 
to work together eas ily , the development group lacked central leadership
3-18
Table 3-5. In d u s tr ia l Delphi Results
SIC MANUFACTURING GROUP MEDIAN RESPONSE*
20 Food and Kindred products 5
21 Tobacco Manufactures 0
22 Textile mill products 2
23 Apparel and other finished products made from 
fabrics and similar materials
2%
24 Lumber and wood products, except furniture 3
25 Furniture and fixtures 3
26 Paper and allied products 2
27 Printing, publishing and allied industries 3
28 Chemicals and allied products 1
29 Petroleum refining and related industries 0
30 Rubber and miscellaneous plastics products Î2
31 Leather and leather products 2
32 Stone, clay, glass and concrete products %
33 Primary metal industries 0
34 Fabricated metal products, except machinery 
and transportation equipment
3
35 Machinery, except electrical 2
36 Electrical and electronic machinery, equipment, 
and supplies
3
37 Transportation equipment 1
38 Measuring, analyzing and controlling instruments; 
photgraphic, mecical and optical goods, watches 
and clocks
3
39 Miscellaneous manufacturing industries 3
* likelyhood of coming to area in next 10 years
very very
unlikely likely
0. I. 2. 3. 4. 5.
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Figure 3-5. In d u s tr ia l Land Use (D elph i)
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among those concerned with in d u s tr ia l, res id en tia l, and commercial devel­
opment. The res identia l and commercial developers working independently 
were able to a rrive  a t th e ir  re su lt, but the indus tria l developers were 
la te  getting started and ran out o f time to complete th e ir  decisions. 
Unfortunately, the time schedule did not allow fo r an extension o f time.
To obtain data on which the succeeding model, the indu s tria l developers 
and those managing the models completed the projection in a post-hoc 
meeting. The numerical results  on the game are summarized in Tables 3-6 
through 3-8 . The three technical sub-models used in  th is  te s t, the water 
supply, sewage, and so lid  waste models, were then used by the partic ipants 
to forecast demand/generation fo r  the years 1985 and 1995. Based on 
these projections, each o f the three groups started to  formulate and 
evaluate various a lte rna tives. These groups were able to predict water 
demand and sewage generation using th is  computer model and so lid  waste 
using the land use model supplied. Further, a t least one a lte rna tive  in 
each area was formulated and costs were calculated. Though a complete 
analysis was not possible due to time constra ints, enough was done to 
ve rify  tha t these models were able to function e ffe c tiv e ly  w ith in  the 
system.
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Table 3-6. Future Population (Game)
Predicted Population for Major Towns
^''\^Year
Town 1985 1995
Fayetteville 48,000 68,000
Springdale 30,000 40,000
Rogers 17,000 22,000
Siloam Springs 10,000 13,000
Bentonville 8,000 10,000
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Table 3-7. Future Cotimerce (Game)
Âcres of Commercial Development 
Required for Major Towns
^^\Year
Town 1975 (existing) 1985 1995
Fayetteville 384 500 700
Springdale 352 500 700
Rogers 113 150 200
Siloam Springs 139 200 250
Bentonville 90 120 150
3-24
Table 3-8. Future In dus try  (Game)
Industrial Employment by 1985
Town 20 23 24 25 27 32 34 36 38 39
Fayetteville 200 — — — — 200 200 500 — 300 300
Springdale 1800 1000 — 300 700 400 1000 1100 800 800
Rogers 300 —— — — — 300 ------ — — 300
Slloam Springs 1500 —— 275 75 300 500 600 — 1000 700
Bentonville 250 — — — — 200 200 — — 200 700
All Others 700 200 100 — 200 500 — 1000 200 —
C O
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CHAPTER 4 
THE LAND USE MODEL
4.1 INTRODUCTION
The land use model might more appropriately be called the spatial 
structure model. Its  purpose is  to do more than forecast fu tu re  land uses; 
i t  forecasts peripheral a ttrib u te s  as w e ll. As a land use model, per se, 
i t  bridges the gap between the population-housing level o f the system of 
models which is  concerned w ith the aggregrated metropolitan area and the 
consequence models, or the technical level o f the system, which looks at 
disaggregated areas. The population and housing models forecast future 
housing, in d u s tr ia l, and commercial conditions fo r  the area as a whole.
The land use model then allocates the to ta ls  to specific  areas w ith in  the 
whole. In addition to  land use, the model has been used to forecast data 
fo r input to the transportation model and fu ture environmental a ttribu tes . 
The model, which is  wholly h e u ris tic , was o rg ina lly  intended to be used in  
conjunction with an erudite mathematical model where possible.
In th is  ro le , its  main purpose was to evaluate and modify, where nec­
essary, the results  o f the mathematical model so tha t the u ltim ate solution 
to the problem being investigated would become more sensitive to human 
factors which cannot easily  be cast in terms of e x p lic it  mathematical func­
tions. This would not be an ad hoc embellishment to  a f in a l solution but 
an integral part o f the so lu tion process. The te s t area, Tulsa C ity INCOG,
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serves as an excellent il lu s tra t io n  of how the model would be used to  
advantage in th is  ro le . I f  one looks at the recent res identia l develop­
ment in Tulsa, one would immediately be struck by the fac t th a t, by fa r , 
the greatest development has been in the area southeast o f the c ity .  This 
development has extended a considerable distance from Tulsa's center while 
the area to the north o f the c ity  has remained largely undeveloped despite 
the fa c t tha t there is  a great deal o f prime undeveloped land re la tiv e ly  
close to the central business d is t r ic t .  An erudite mathematical model 
which gave strong consideration to trends would probably p red ic t continued 
growth to the southeast while one which was essentia lly  a g rav ity  model 
would probably pred ic t growth in  the northern area. The tru th  is  tha t the 
northern area has not been developing because there is  a stigma to the 
north side o f Tulsa, but the c ity  planners there are try ing  to induce 
growth in  the north. These facts need to  be considered during the solution 
process o f a model, where th e ir  impact can most easily be put in  perspec­
t iv e ,  not in evaluating the f in a l solution. Besides making subjective 
arguments an in teg ra l part o f the solution process, in th is  ro le , the 
heu ris tic  model can strengthen the mathematical model by suggesting modi­
fica tio n s  to parameters, while the mathematical model strengthens the heuris­
t ic  model by providing a firm  guideline fo r  subjective ins igh ts .
Due to the lim ited  scope o f th is  study i t  was not possible to develop 
an erudite mathematical model in  addition to the other models. As noted 
e a r lie r ,  such model ty p ic a lly  cost over a m illio n  dollars and require man­
power not availab le fo r  th is  study. For th is  reason, the use o f the model 
in  th is  ro le  was not chosen as a way of demonstrating the usefulness o f the 
h eu ris tic  element in  the system of models.
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The constra int ju s t mentioned illum inates a most important point in 
determing the method's usefulness. The situation encountered in the course 
of th is  study is  not unlike tha t often faced by a planning agency: the
lack of money, time and manpower to  develop and run complex models lik e  
the system suggested above. Those planning agencies who have been active ly 
involved in  urban model build ing can te s t ify  that erudite urban models 
quickly become quite large (almost unmanageable), very expensive to run, 
and give results tha t are d i f f ic u l t  to  interpret or apply. Also, w ith the 
present state o f the a r t,  we do not have the necessary theory to support a 
comprehensive mathematical model. Even i f  we did have the necessary theory, 
we do not presently have an adequate data base to  re a l is t ic a lly  simulate 
an entire urban system with an erudite model.
These convictions were responsible fo r  an extension o f the concept of 
the role o f the model from a somewhat secondary ro le . The o rig ina l con­
cept was expanded in to  two areas: an e ffic ie n t replacement o f the mathe­
matical land use model and powerful information gathering techniques. The 
heuris tic  model used in th is  study may not completely bridge these gaps in 
knowledge, but i t  circumvents many o f the lim ita tions created by the hun­
griness fo r  mathematical re la tionships and excessive data encounteres with 
other urban models. There is  an assumption that does have to be made 
though: tha t the users o f the model can e l ic i t  and manage the knowledge 
that is  available to them through th is  heuristic process. This doesn't 
seem to be an unreasonable assumption. Actually, the method was not changed; 
the change was in concept.
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4.2 DESCRIPTION OF THE MODEL
The general structure  o f the model used in  demonstrating the heuris­
t ic  method is qu ite  simple. I t  consists o f three elements: information 
gathering, individual evaluating, and group evaluating. These elements 
are designed to in te ra c t w ith one another and with the to ta l system of 
models. While i t  is  necessary that the elements in teract with one another 
and desirable tha t they in te rac t with the to ta l system o f models, the spa­
t ia l  model can be used by i t s e l f  i f  assumptions are made which replace the 
surrounding models. In some cases, th is  a b il i ty  would be highly desirable. 
These would be cases which required a tim ely preliminary evaluation of an 
urban problem. Whether the spatial model is  used as part o f a larger sys­
tem or not, i ts  structure is  constant.
The spatia l model uses an embedded ite ra tiv e  process to acheive an 
answer to the question(s) under consideration. As indicated in the sche­
matic shown in Figure 4-1, the sequence used to achieve a solution starts  
with an information element. This informational element consists o f both 
"hard" information which is  provided to the respondents being queried by 
the model users and whatever information, whether "hard" or "so ft" that 
the respondent has acquired previously. The information which the respon­
dents have previous to pa rtic ipa ting  in  the running o f the model is  the key 
to the model's success. This information and the outcome o f the model is  
in d ire c tly , but very d e fin ite ly , affected by the choice o f respondents. I t  
is therefore extremely important that great care be taken when selecting 
the respondents fo r  use in  the model i f  va lid  results are to be obtained. 
The information provided the respondents is  d ire c tly  controlled by the 
operators of the model, but i t s  impact on the respondents is  somewhat
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"sloppy". So, again, i t  is  important to choose respondents who have the 
motivation fo r  investing the time necessary fo r synthesizing the informa­
tion  provided to  them. Equally important is  the degree o f comprehensive­
ness of the information supplied and format in which the information is 
presented. Since th is  element is  part o f an ite ra tiv e  process, the in fo r­
mation provided to the respondents w il l  change each ite ra tio n . Some of the 
change in information w il l  be due to additional information re flec ting  what 
transpired in  the previous ite ra tio n .
The second element encountered, categorized as ind iv idua l evaluating, 
consists o f the respondents in d iv id u a lly  evaluating whatever information is  
available to  them and making a response. The evaluating-response procedure 
is  structured by means of a questionnaire. This questionnaire consists of 
questions whose answers can be summarized s ta t is t ic a l ly ,  questions whose 
answers can be presented g raph ica lly , space fo r the appropriate responses, 
and space fo r  whatever comments the respondent might wish to  make. The 
questions can concern one or more topics or be generally re la ted . As with 
the information presented to the respondents, i t  is  important to  guard 
against biasing the outcome o f the model by the choice o f questions. In 
th is  respect tra d itio n a l theories of surveys and questionnaires are help­
fu l,  but is  must be remembered tha t th is  exercise is  not designed as a 
tra d itio n a l short answer questionnaire and the respondent group is  not to  
be a random sample designed to re fle c t the population as a whole. The 
respondent group is  small, ce rta in ly  not random, and in some respects not 
representative o f the general population. The th rust o f the en tire  pro­
cedure is  to involve the respondents, not only in  th inking deeply about the 
questions asked but also in exploring the system o f in te ractions which are
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at work in  an urban system. The questionnaire is meant to be a stimulus 
and an organizing fac to r. Generally, the respondent w i l l  have these 
options w ith respect to  any pa rticu la r question being asked:
1. He may choose not to answer a specific  question i f  he 
feels tha t he could not make a sound judgement on the 
top ic. In th is  case he is  encouraged to make a com­
ment which would indicate what information might help 
in making the p a rticu la r judgement.
2. He may simply answer the question.
3. He may answer the question and e ithe r add or suggest 
as to additional questions which might c la r ify
an issue or illum ina te  an area o f in te re s t, make a 
comment expressing a short argument on any judgement 
about which he feels strongly.
The questionnaires, with th e ir  responses, are coded so tha t hopefully the 
respondents w i l l  be more inclined to  express th e ir  true opinion about con­
trovers ia l top ics. This also would make i t  easier fo r  a respondent to back 
down from a position w ithout losing face. Although th is  does not guarantee 
the most honest response, i t  does eliminate some o f the blocks to tru th fu l 
responses. Having made a response, the respondent keeps a copy fo r his 
future references and returns one copy to the model operators.
The responses are then analyzed and summarized in  the next element of 
the ite ra tiv e  process. Those questions which can be analyzed s ta t is t ic a lly  
are f i r s t  ranked and displayed graphically to determine whether there is  a 
tendency towards a single mode or two modes. The median and quanti les fo r 
each such question is  then determined. The questions which do not lend 
themselves to the above type o f analysis w il l  be those questions which w il l  
ask fo r locations on a response map. In th is  case an improvised s ta t is t i ­
cal analysis was made which, while not o f any mathematical s ignificance, 
was found to be h e lp fu l. This simple technique is  illu s tra te d  in Figure 4-2.
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I f ,  fo r  example three responses were made to a question Involving the 
location o f a pa rticu la r e n tity , the location might be indicated as shown 
in Plan A. This point location can be thought of as a binary representa­
tion  and have a cross-section as shown in section A-A'. I f ,  instead of 
point locations, the responses are considered to be the point of maximum 
frequency of some d is tribu tion  or i f  the points are smoothed by some proc­
ess and the results are added, the representation might look lik e  Plan B. 
The corresponding cross-section to A'-A might then look lik e  B'-B. In th is  
case, some threshold value might be termed "c" as shown in  cross-section 
B'-B versus zero in  the binary representation, and some convenient value 
"d" might take the place of 1. I f  the locus o f points having the values 
"c" and "d" are p lotted in plan B the re su lt is  a contour map indicating 
areas o f reasonable p robab ility  and areas o f greatest p robab ility  fo r loca­
tion . Although th is  type of representation is  not exactly analogous to the 
quadrille  s ta t is t ic ,  i t  conveys a s im ila r concept which should be helpful 
in summarizing the results of the questionnaires. Once the responses are 
summarized, the model proceeds to  the next step in  the solution process.
Referring back to Figure 4-1, the fourth element in the ite ra tive  
sequence of the model is  a log ica l element fo r  the individual responses. 
This is the la s t element in what is  part o f the modified Delphi. At th is  
point the users o f the model must evaluate the current set o f responses 
and determine whether there w il l  be another ite ra tio n  o f individual ques­
tion ing or whether there has been s u ff ic ie n t consensus or s ta b iliza tio n  to 
proceed to the next form of question-gaming. I f  the decision is  to make 
another ite ra tio n , the summary of the previous ite ra tio n 's  responses, per­
manent conments from the previous ite ra t io n , and additonal questions as
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required are prepared so tha t they can be given back to the respondents on 
the next ite ra tio n . The additional questions may come from suggestions by 
the respondents themselves fo r  h igh ligh ting  some aspect o f a question which 
they feel is  important or they might come from the model operators fo r  high­
lig h tin g  the reasons fo r  any polarization of views which might occur. In 
the case o f a polarization o f views, the degree to which the m ajority- 
m inority type o f po larization is  explored w il l  be more a function of the 
arguments or comments made than o f the actual number o f individuals taking 
a pa rticu la r view. I f ,  in the opinion o f the model operators, a s u ffic ie n t 
closure has been reached, the sequence continues to  the next element, a 
group response element.
The next element in  the sequence o f the spatia l model is  a d iffe re n t 
form o f questioning. This time the question is  presented to  the en tire  
group o f respondents at the same time and is  answered by means o f a com­
bination o f a game response and a w ritten  response. The questions pro­
posed to the group in  the game are d iffe re n t than those in  the previous 
questionnaires used in  the model while the w ritten  responses are the same. 
The difference in  th is  element lie s  in the type o f group in teraction  which 
influences the responses. In the game, the respondents do not answer the 
questions d ire c tly  but simulate what might occur in  the o rig ina l system.
In a sense, the players actua lly  become the active frac tion  o f the model 
through ro le  playing the elements of the system. The answer to the ques­
tion  which is  the game response, is the fin a l state o f the game. The rules 
and structure o f the game are quite f le x ib le  and can be manipulated to s u it 
the objective o f each session. This is  accomplished simply by varying the 
emphasis on each o f the aspects o f the game.
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Four forms of the game were investigated in  th is  study although there 
are a great number o f possible forms. The game could be used as an educa­
tiona l tool by adding a more sophisticated structure and emphasizing a 
pay-off or reward (as was done in one form o f the game tha t has been used), 
but th is  was not the primary purpose foreseen fo r  the technique. The pur­
pose o f the study was to develop a tool fo r  gathering information and fo r 
helping to  solve urban problems. The game was to serve mainly as a stim­
ulus to  the flow of information and ideas.
The general procedures fo r achieving the flow o f information and
ideas were to present the sum o f the information collected in  the modified 
Delphi stages o f investigation, to create a stimulus fo r  the respondents
to express th e ir  viewpoints, and to co lle c t th is  new information. This is
where the elements o f the game come in to  play: the game board, the game 
pieces, the competition, and the resolution o f c o n flic t .  The game board 
is  used as a focus point around which the a c t iv it ie s  o f the game take place. 
This board is  in  the form o f a large map, in the f i r s t  cases a s im p lified
map o f the c ity  and county o f Tulsa, Oklahoma, and the other parts o f the
Indian Nations Council o f Governments, INCOG, which would be considered to 
have a d ire c t e ffe c t on and be d ire c tly  affected by Tulsa. The map por­
trayed the main streets and roads in  the area, the main r iv e r ,  p o lit ic a l
boundaries, and other features which were f e l t  to give the respondents
reference and information. A grid was superimposed over the area both to 
maintain scale and to be used as a geographic reference. The grid  spac- 
ings in  th is  study were square-mile areas which closely followed the Okla­
homa grid  system of townships, ranges, and sections. In the early stages 
o f the development o f the gaming procedures, a simple paper drawing
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mounted on corrugated cardboard was used. Once the scale and grid  system 
were fixed , a more permanent m ata llic  board was made to give the board 
more f le x ib i l i t y  during the game. (See Figure 4 -3). In the fin a l te s t, 
the game board was a map of the second test area, the two-county area 
(Washington and Benton Counties) in northwest Arkansas. (See Figure 
3-6).
An a ttra c tiv e , well organized board was considered to be the most 
important physical element o f the game. Also o f great importance were the 
game pieces, map pins and colored magnetic pieces. Everyone is  inclined 
to  lik e  games, and the purposes of these two elements are to  take advan­
tage o f tha t a f f in i t y  fo r  a game and to generate in te res t in  pa rtic ipa ting  
and volunteering information which might not otherwise come out as in  a 
conference s itu a tio n .
The volunteering o f information is also g rea tly  encouraged by the com­
pe tition  in  the game. The competition w il l  also have the e ffe c t o f stim­
u la ting in te re s t as w i l l  the resolution o f c o n f l ic t ;  everyone likes  to  be 
a winner. The resolution o f c o n flic t can take various forms, as su its  the 
game, but i t  w i l l  bas ica lly  be by means of a democratic decision, with 
varying degrees o f chance. As small as the degree o f chance might be, i t  
is  nonetheless important fo r  there is something in human nature tha t 
causes man to be stimulated by the occurrence o f chance. Whatever the 
degree o f chance involved, the resolution o f th is  c o n f lic t  is  the game 
resu lt.
The game re su lt is  important, but perhaps a more important benefit 
of the game is  the co llec tion  o f information, ideas, social ind icators, 
fee lings, and prejudices. For th is  purpose, in  the games conducted, the 
in teraction  between members was recorded on magnetic tape.
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Figure 4-3. Game Board fo r  INCOG
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A fte r completion o f the game proper, the participants are queried 
again, independently to  quantify any differences o f opinion which might 
remain. The game is  designed with the objective of stimulating maximum 
in teraction  among partic ipants with the purposes o f bringing to l ig h t  as 
much information as possible fo r  examination. In doing so, the poss ib il­
i t y  o f introducing bias in  the results is  increased by personality factors 
and d iffe r in g  levels o f gamesmanship exhibited by the partic ipants. By 
having the additional w ritten  response, an estimate of the amount o f in f lu ­
ence exerted on the gamed results can be obtained. One should not get the 
ideas tha t the introduction o f bias on the results o f the game is necess­
a r ily  bad; in  fa c t, the introduction o f th is  bias is  a valuable asset to 
the model. I t  must be remembered tha t those who are intended to play the 
game in  a planning s itua tion  are those persons who are making decisions and 
d ire c tly  influencing the real system. To t r y  to  elim inate th is  bias en­
t i r e ly  would detract from the v a lid ity  o f the model. The w ritten response 
here w il l  be in the same form as the w ritten responses elsewhere in  the 
spatia l model. The main difference is  that in the other responses, there 
was a highly controlled in teraction among participants while here, the 
in teraction is  only minimally contro lled.
Part o f the next element in the spatia l model, the summarization, is 
the same as in the previous summaries. A ll the analysis and summarization 
done before is done again while a summary o f whatever additional informa­
tion  tha t came out o f the game is added. The additional information w il l  
be of two types, factual and subjective. The factual information w il l  
e ithe r be presented as a l i s t  or on a map as might be appropriate. The 
subjective information w il l  be in  the form o f a scenario.
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The la s t element in  the spatia l model is  the evaluation o f the ten­
ta tive  so lu tion. At th is  po int, the model users must synthesize the model 
results from the modified Delphi, the game, and the additional w ritten 
response, and make an evaluation. Three things can now happen;
1. The model users can bring the spatia l model to i ts  
conclusion and proceed to the next model in  the sys­
tem o f models.
2. The users could decide that additional gaming is  
required.
3. They could decide tha t the whole process should be 
repeated.
In most cases, a lte rna tive  (1) would be the choice or one additional c la r­
ify in g  w ritten  response would be necessary. In choosing a lte rna tive  (3) 
and going through the modified Delphi again, the Delphi process is  changed 
somewhat since there has been a face-to-face confrontation. As mentioned 
e a rlie r th is  does not necessarily degrade the procedure. In any case, 
once having gone through the en tire  process there should already be suf­
f ic ie n t  data created fo r  continuation to  the next model in the system i f  
the process was well designed in  the f i r s t  place.
4.3 INFORMATION FLOW
The information transmitted by the links between the spatia l model 
and the surrounding models are at two levels of aggregation: regional
and small un it area. As the system cycles through a five-year period, 
the bulk o f the information going in to  the spatia l model is  on the regional 
level while the bulk o f the information produced by the model is  on a un it 
level (Figure 4-4). Additional information used in  inventory accounting 
and fo r  comparison is  also on the u n it leve l.
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Of the information supplied to  the spatia l model, the most s ig n if i­
cant comes from the population model, the housing model, the landbank 
model, and the model participants themselves (Figure 4-4). The informa­
tion  from the population and housing models, used in  the system, consist 
of the regional level data shown below:
1. Population by age, sex, income, occupation, and employ­
ment cohorts.
2. Change in  population by income, occupation, and employ­
ment cohorts.
3. Number o f households by age o f head o f household and 
income cohorts.
4. Change in  number o f households by head o f household 
and income cohorts.
5. Number o f houses by tenure, value, and structure  cohorts.
6. Change in  number o f houses by tenure, value, and struc­
tu re  cohorts.
Tables 4-1 and 4-2 show th is  data in greater d e ta il.  The information
supplied to  the spatia l model by the landbank model consists of the fo l­
lowing u n it level data:
1. Current land use by percent o f to ta l and acres.
2. Land available by land use and acres.
3. Attractiveness by land use, degree, and acres,
4. Value by estimated cost.
5. Special information.
Table 4-3 shows th is  data in greater d e ta il. Unlike the information sup­
plied by the population and housing models, tha t supplied by the landbank 
model is  not new information which requires a response from the p a rt ic i­
pants to the spatia l model but is  inventory-type information fo r the ir use. 
Perhaps the most s ig n ifica n t information source o f a l l ,  the information
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Figure 4-4 . In fo rm ation  Flow (In fo rm a tio n  from p a rtic ip a n ts  not shown)
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Table 4-1. Population Model Output
Population Model O utput
Cohort
Age 0 -4 , 5 -9 , . . . ,  85 and over
Sex A ^ le  -  Female
Income $0 -  $999; $1,000 -  $1,999; . . .  ; $50,000 -  over
Occupation Professional
Managers
C le rica l
Sales
Farmers
Farm Laborer
S k illed  Laborer
Operators
Household Workers
Service Workers
Laborers
Unemployed
N ot Employable
Armed Forces
Employment Agriculture
M in ing
Construction
M anufacturing
Transportation
Trade
Finance
Services
Government
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Table 4-2. Housing Model Output
Cohort
Housing Model Output
Age o f  Head of 
Household
0-24, 25-29 , . . . ,  65-over
Household Income 0 -  $5,000; $5,000 -  $12,000; $12,000 -  over
Tenure o f House Owner O ccupied, Renter Occupied
V alue o f House Owner O ccupied: 0 -$ l 5,000; $15,000-$25,000; 
$25,000-over
Renter O ccupied: 0 -$100 /m o ., $100/m o.-$150/m o., 
$150/m o.-over
Structure o f 
House
Single- Family, M u lti-F a m ily , M ob ile
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Table 4-3. Landbank Information
Category Type o f Data
Demogrophi c Population
Densities
M o b ility
Economie Income characteristics 
Commercial development 
Industrial development
P olitica l P o litica l jurisd iction 
Zoning or alternative 
Special consideration
Social Housing preference 
Racial characteristics 
Special characteristics
Geographical Slopes
Soil conditions 
Flood potential
Ecological A gricu ltu ra l development 
Type o f vegetation 
W ild life  habitat
4-20
from the partic ipants minds, cannot be lis te d  in a table but w i l l  include 
some information o f the type lis te d  above, plus a myriad o f other in fo r­
mation.
Additional information is  also available to the spatial model from 
the economic model and a conventional land use model. The information 
supplied by the economic model is  on a regional level and consists o f a 
budget o f those monies available fo r operation and capital expenditures 
in the public sector. No conventional land use model has been specified 
fo r use in the system, but i t  is suggested tha t a model such as PLUM 
would be appropriate. The useful output o f such a model should consist 
o f data such as shown in  Table 4-3 fo r  the landbank model. The degree to 
which the partic ipants in the spatia l model must re ly  on such a model fo r  
guidance or comparison w i l l  determine the depth of information transferred.
Although a l l  the information transmitted to the spatial model is  
transmitted to both the Delphi and game stages, the information at the 
s ta rt o f the game is  not necessarily the same as a t the s ta rt o f the Delphi 
Since the Delphi is  complete before the game s ta rts , i t  is e n tire ly  appro­
pria te to augment, to a lte r ,  or possibly to correct information based on 
the results of the Delphi as indicated in  Figure 4-3. The Delphi results 
especially should have an impact on the landbank and conventional land 
use models.
4.4 VALIDATION
The early testing  of the land use model served the purpose of allow­
ing the formation o f a subjective opinion about the re la tive  v a lid ity  of 
d iffe re n t forms o f the game and the Delphi. These f i r s t  tests used one 
undergraduate c iv i l  engineering class and two undergraduate sociology
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classes a t the University o f Oklahoma as te s t subjects. In a ll these 
cases, the INCOG planning region was used fo r  testing.
The required data fo r  operation was gathered from sources exogenous 
to the system of models. In add ition , guidelines fo r  development sup­
plied by the Tulsa Metropolitan Area Planning Commission (TMAPC, part o f 
INCOG) were imposed on the systems. The TMAPC had recently accepted a 
study by a private consultant which forecasts fu rthe r development in  f iv e  
sectors o f the area based on a "balanced growth" p rinc ipa l. Not wanting 
these forecasts to be compromised by d iffe r in g  forecasts from other 
sources, they asked tha t th e ir  forecast o f development by fiv e  sectors 
be adhered to . This was easily done. Such ease in  accommodating pre­
vious work as considered to  be a major point in favor o f the model's 
v a lid ity  as a practical planning to o l.
The c iv i l  engineering class was used in the f i r s t  tes t. These stu­
dents were divided in to  three groups, and each student was given the general 
assignment o f ind ica ting , on a map, where he or she thought development in 
the area would occur. The f i r s t  group was given the respons ib ility  fo r 
industria l development and to ld  to  take the viewpoint o f industria l devel­
opers in making th e ir  decisions. The second and th ird  groups were to ld  to
take the viewpoints o f industrial-commercial developers and the regional
planning agency respectively, each having the appropriate forecasting 
re spon s ib ilitie s .
A fte r the individual forecasts were made, each group presented its  
forecast and point o f view o f development. The method fo r doing th is  was 
as fo llows. The two groups representing developers, in turn, presented 
th e ir  forecasts and a b r ie f summary o f th e ir  reasons fo r  making that fo re ­
4-22
cast fo r  one sector o f the area. In doing so they made use o f the map 
(game board) and color-coded map pins representing d iffe re n t housing 
types, industry, and commercial land use. Following th is ,  the group 
representing the planning group presented i t s  view and a general d is­
cussion followed. This process was repeated fo r each o f the other four 
sectors. As an output fo r th is  model, each o f the students was asked to 
f i l l  out an ind iv idua l map s im ila r to the game board. This data was then 
capable o f being compiled and anlyzed fo r  the remainder o f the models.
From th is  te s t,  four things seemed to be in  evidence. F irs t ,  despite 
a minimum of ins truc tion  or guidelines concerning the conduct o f the game, 
the students became avid about th e ir  roles w ith in  a few minutes. The 
developers behaved as entrepreneurs; the planners supported the "pub lic". 
Second, there did not seem to be any way to  "d ire c t" the model without 
d isturbing the ro le-p laying in  process. Third, a great deal o f informa­
tion  was produced during the course of discussion. Fourth, the number of 
developers seemed to be too great, overshadowing the planners and s t i f l ­
ing information from them.
The two tests involving the two sociology classes used the same form 
o f the game (model) which was more structured than the previous game.
Here the students were divided in to  three main groups: developers, plan­
ners, and c itizens. This game contained more o f the elements o f a con­
ventional game. There were rules o f play, money, and the element o f 
drama involved. Also d iffe r in g  was the output; here, i t  was the results 
on the game board.
Within the three major groups of players were the elements and sub­
groups described below. The developers included those responsible fo r
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residentia l housing and fo r  industria l and commercial development. The 
planner group consisted of a ch ie f planner and his s ta f f .  The c itizen  
group consisted of the c ity  council and c itize n  groups concerned with the 
environment, residentia l preservation, and cu ltu ra l-recrea tiona l committees.
Succinctly, the order of play progressed in  five-year rounds, s ta r t­
ing with an assignment fo r  each player and ending with an evaluation of 
the period. At the s ta r t o f a typ ica l round, the developers were given 
money to invest (in the assignment). The c ity  council was given money to 
spend, the industria l developers were to ld  o f new industry, the c itizens 
o f problems in the c i ty ,  and the planners given a planning assignment.
Twenty minutes were then taken fo r the players to digest the new informa­
tio n , make plans, and discuss matters w ith other groups. At the end of 
tha t time, the developers placed th e ir  development plan on the game board.
The actual required development was then disclosed, and the success or
fa ilu re  o f development determined by a llocation or the required develop­
ment according to  chance based on p robab ility  determined by the results 
o f a vote. The c ity  planners presented th e ir  plans and the c ity  council 
accepted, rejected, or did not act on them. At th is po in t, the ch ie f 
planner could be f ire d . Following th is , the citizens voted on whether 
the c ity  council should be retained or not. The state o f the game at 
th is  point formed the output o f  the model.
In th is  second form o f the game, i t  was easy to d ire c t the attention 
o f the group to certa in  questions or issues. In comparison to the pre­
vious game, the information produced seemed to be more balanced, but the 
qua lity  o f information seemed lacking. This result might p a r t ia lly  be due
to the difference in  sophistication o f the players, but i t  was f e l t  tha t
the main reason was tha t the emphasis from a serious e f fo r t  to recreation.
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Based on the f i r s t  three tes ts , the fin a l form of the model described 
e a rlie r was developed. This la s t form of the model was an attempt to 
incorporate the best features o f the previous games. The te s t o f th is  
form of the model was designed to produce results su itab le fo r  s ta t is t ic a l 
analysis fo r  a s c ie n t if ic  evaluation. Here, a graduate engineering class
on urban systems was used fo r tes ting . This class had the advantage o f
being knowledgable o f the principals and general issues but lacking in  
knowledge o f the tes t area. By not knowing the te s t area, the information 
on which the subjects based th e ir  decisions on was somewhat contro llab le . 
In th is  te s t, i t  became meaningful to evaluate the Delphi also. The 
results produced by the model described before are presented below.
The results  o f the Del phi-game, though based on "manufactured" in fo r ­
mation, are revealing because they indicate the form o f results  which 
should be expected and o ffe r ins igh t in to  the processes underlying the 
Delphi and game. One set o f responses was selected as representing a
typical response from the group and is  shown in Figures 4-5 through 4-8.
Figure 4-5 is  a reproduction o f one o f four pages fo r  the f i r s t  response 
in the Delphi exercise preceding the playing o f the game. Those ques­
tions, which concern the location of a ttr ib u te s , are answered by means 
of an accompanying map (Figure 4-6).
Figures 4-7 and 4-8 show the summarized information, generated in  
the f i r s t  response, tha t was given back to the partic ipants with the 
second questionnaire. A summary o f the comments generated through the 
questionnaires would normally be typed and d is tribu ted  with th is  informa­
tion . The comment information was not supplied in  th is te s t to s im p lify  
the tes t. Succeeding responses and feedback summaries are not shown: 
they were s im ila r to  those in  Figures 4-5 and 4-6,
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What is the possibility that the bus service will be discontinued?
very lik e ly  0 5 very un like ly
13. Locate on your reply mop where you th ink the most l ik e ly  site for o 
large industry m ight be in area " H . "
14. Locate on your reply map where you th ink residential development is 
most l ik e ly  to occur in area "  I . "
15. A  local developer wonts to bu ild a medium and high income housing 
add ition  in  area “ F " on your mop. The Planning Commission would 
lik e  to  see this development but is hesitant to commit themselves to 
the construction o f the northwest section of the G ilcrease Espressway 
a t th is  tim e os an access road to  the residential area. What is the 
like lih o o d  o f the add ition  being b u ilt?
very l ik e ly  0 5 very un like ly
16. Locate on your rep ly map where you think residential development is 
most l ik e ly  to occur in area " J . "
17. Locate on your rep ly map where you th ink a small shopping moll 
would probably locate in  area " F . “
18. W hat do you th ink  the driv ing  time is from point “ N "  to  downtown 
a t SdX) a .m . on weekdays ?____________________
19. Locate on your rep ly map where you think the most l ik e ly  site for a 
large industry m ight be in  area " 0 . “
20. W hat do you th ink  the driv ing  time is from downtown to  po in t "M " 
a t 5KX) p .m . weekdays?____________________
21. Ponderosa Homes, In c .,  wants to develop oppraximately two-th irds o f  
a section a t location "  D ."  The Tulsa chapter o f the Sierra Club o f 
Am erica opposes the development o f this wooded area and wonts i t  
to be declared a w ild l ife  refuge. What is the possib ility  o f the de­
velopment being b u ilt?
very likely Ô 5  very unlikely
Figure 4 -5 . Example Delphi Questionnaire/Response Sheet
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Figure 4-7 . Delphi Feedback ( F ir s t  Round)
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More detailed summaries o f the responses by the f i r s t  questionnaire 
and the fin a l questionnaire are shown in  Figures 4-9 through 4-12. The 
f i r s t  fig u re . Figure 4-9, is  a set of scatter diagrams fo r a ll o f the 
w ritten  responses to the f i r s t  questionnaire. Figure 4-10 is  a scatte r 
diagram o f the accompanying maps. Figures 4-11 and 4-12 are the scatte r 
diagrams from the f in a l questionnaires. This information was not a v a il­
able to the respondents.
The Delphi exercise can be validated in tu it iv e ly  by observing the 
difference between the scatte r o f responses from the f i r s t  questionnaire 
and the f in a l questionnaire. The scatter shown in Figures 4-11 and 4-12 
(the f in a l response) seems to be less than that in Figures 4-9 and 4-10 
fo r  those questions with feedback, re la tive  to those without feedback.
The results o f the analysis o f variance testing , summarized below, sup­
ports th is  in tu it iv e  analysis s ta t is t ic a l ly .  As expected, the null 
hypothesis that the difference in convergence to the median between the 
questions with and without feedback was due to chance (Ho: M^ = Mg), can 
be rejected w ith 99.8-percent confidence.
The other results o f the o rig ina l experimental design were not s ig ­
n ific a n t. However, the e ffe c t o f the amount of information given to 
individual respondents approached reasonable levels o f significance (cc =
0.20) while the "F" value fo r the facto r concerning closeness o f informa­
tion  to a p r io r i median were much less than one—the reciprocal o f the 
"F" values being highly s ig n if ic a n t (a =  0.20). Based on these resu lts , 
the design was changed post p riop f to a repeated measurements-hierarchial 
design where the main treatment o f closeness of information to  an a p r io r i 
median was changed to closeness the previous response to the median o f the
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Figure 4-12. Final Responses (Graphic)
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responses and, by e lim inating the treatment o f the information, was above 
or below the a p r io r i median and the strength of information. Based on 
th is  analysis, the nu ll hypothesis tha t differences in  convergence to the 
median were not affected by the proximity o f previous answers to  the mean 
could be reflected w ith 95 percent confidence despite an in f la t io n  in 
e rro r variance due to subject differences. Unfortunately, w ith changes 
dictated by switching experimental designs, i t  was not possible to c la r ify  
the ambiguity o f the hypothesis concerning the e ffec t o f the amount of 
information supplied to the partic ipan ts, but in  view o f the level o f 
significance indicated in the o rig ina l design, the re jection o f th is  null 
hypothesis could reasonably be expected to  reach s ig n ifica n t levels in 
another experimental design.
The questions addressed during the game exercise were the same as 
those involving the placement o f a ttribu tes  during the Delphi exercise.
The results are shown in Figure 4-13. The location o f a ttribu tes  on the 
map were not o f s ig n ifica n t in te re s t in  th is  phase o f the testing  however. 
The reason fo r  te s tin g  the game was to ascertain the e ffe c t o f the struc­
ture of the game on the illum ina tion  and co llection o f information.
In the opinion o f the game d irecto r (who had only lim ited  experience), 
th is  game structure did not generate as much information as previous games. 
However, the elements o f a timed period of decision making and planning 
and the elements o f chance added to the enthusiasm and seriousness of the 
game.
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS
5.1 THE SYSTEM OF MODELS
The potential fo r  the system's use by planning agencies seems quite 
good. At least those agencies which were used in developing th is  system 
would lik e  to  t r y  parts of i t .  The creation o f a s im plified  users manual, 
the idea of the system, and some of the models should be enthusiastica lly 
accepted. However, in most cases the en tire  system w il l  not be adopted 
because each agency normally has some models to  which they are committed. 
Therefore, only the submodels necessary to  complete an agency's current 
system w ill probably be used. This f le x ib i l i t y  is  an inherent strength 
o f the system.
Since each submodel o f the system was developed by a separate group, 
there were a va rie ty  o f approaches taken. The d iffe re n t degrees of suc­
cess of the models suggest the fo llow ing conclusions:
1. The model should be "transparent" in tha t model elements 
and th e ir  interactions should be read ily  apparent.
2. The models' inputs should be e f f ic ie n t ,  and the e ffo r t  
involved in  changing the data or parameters should be 
minimal.
3. The structure of the model should be f le x ib le  in  tha t 
the re lationships and the level o f aggregation should 
be easily changeable.
4. The model should be specific  to an urban area and should 
re ta in  an information residual from each use. I f  th is
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is  done, the model w i l l  more nearly approximate the 
particu la r urban system w ith each succeeding run.
5. Within the system, each model's output should be 
"balanced" in  terms o f i t s  importance to the p a r t i­
cular objective.
Some conclusions concerning the individual submodels are given in 
the following sections.
5.2 POPULATION MODEL
The population model has been used in  various forms fo r  some time.
In i ts  present form, i t  is  qu ite  easy to use and requires l i t t l e  change 
in  input data to investigate new propositions. The model's main v irtu re  
is  i ts  s im p lic ity  and transparency. The model's most sensitive variable 
is  in-m igration, which is  curren tly  determined extraneously fo r computer 
input by means of a Delphi (conclusions concerning the Delphi are d is­
cussed la te r) . While the Delphi has the advantage o f allowing fo r human 
in s ig h t, i t  would be desirable to  also have an objective mathematical 
model fo r  comparison. Unfortunately, though a number o f such models have 
been produced, none have achieved much in  the way o f convincing predic­
tio n  capab ility , and no new developments are expected in th is  area. Given 
a reasonably accurate forecast o f in-m igration, the model is  fa ir ly  robust 
and gives good results on a metropolitan level o f aggregation. Further, 
i t  works well with the other models in the system.
5.3 HOUSING MODEL
The housing model seemed to  give quite reasonable results in the 
opinion of the Indian Nation Council o f Governments (INCOG) s ta f f ,  who 
worked quite closely w ith the group testing that model. One minor c r i t i ­
cism o f the model is  that while i t  seems to give good results (with the
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present computer programs) i t  is  hard to  modify parameters to investigate 
d iffe re n t propositions concerning the state o f the housing market in  the 
future. Thus, the computer program should be expanded to make projected 
changes in  the housing market more easily inputted to the model by means 
of s im p lified  input subroutine. This should only require a minor change 
in the computer program.
5.4 SPATIAL MODEL
The spatial model, composed of the Delphi on land use and the land- 
use game, are at the core o f the system of models, and, while these models 
w il l  operate in d iv id u a lly , they are most e ffec tive  when they are "hung" 
on the core. The rationale fo r th is  conclusion is  that during the running 
o f th is  model decisions must be made by an individual or group of in d iv i­
duals. I f  the Delphi and/or game are able to e ffe c t an informal consen­
sus o f expert opinion, then the resu lt should be closer to the tru th  than 
individual estimates more than h a lf the time. This assumption is  based 
solely on the d e fin itio n  o f median which the Delphi produces. The consen­
sus e ffe c t alone should insure a greater degree o f success than most cur­
rent procedures, but i f  the process improves th is  50 percent score s ign i­
f ic a n tly , then i t  must be designated a viable planning to o l. Combined 
with the conclusions of the Delphi and the land-use game below, indica­
tions are that th is  type o f model w il l  be a va lid  and useful model fo r 
the m ajority o f urban planning organizations. Based on the results of 
th is research, the model was s u ffic ie n tly  successful to ju s t i fy  large- 
scale testing in an actual planning s itua tion .
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5.5 THE DELPHI
Based on the results  o f  the Delphi conducted during th is  study, the 
fo llow ing conclusions were reached. F irs t, the Delphi model does effec­
t iv e ly  help form a consensus o f opinion. Further, i t  produces th is  con­
sensus re la tiv e ly  e f f ic ie n t ly  in terms of time and data base required —  
an important feature to planners with schedule and budget lim ita tio n s . 
Second the consensus reached approaches the^true*values, which has gen­
e ra lly  not occurred (or a t least not been v e r if ia b le ) in other studies.
The reason fo r  th is  close approximation is  believed to be tha t the study 
was concerned with facts about which Delphi partic ipants had some know­
ledge. In other such studies using the Delphi, almanac type questions 
were used about which the participants had almost no knowledge. Based 
on the resu lts  in  th is  study, an even higher level o f s ignificance might be 
achieved in  a practica l s itua tion . This should be tested fu rth e r in an 
actual planning environment.
5.6 THE LAND-USE GAME
Based on the several forms of gaming used in  th is  study, i t  was not 
possible to reach a firm  conclusion as to the accuracy o f gaming in fo re ­
casting land use. On the other hand, gaming seemed to be an ideal method 
o f involving c itizens in urban planning and of e l ic it in g  information con­
cerning value judgements. These conclusions are based on observations of 
the game play and feedback from game partic ipants. These games should be 
conducted using involved citizens in several counties, and attempts should 
be made to develop methods fo r quantifying the resu lting  in f lu x  o f informa­
tio n . At worst, these games could serve as a welcome forum fo r  planner- 
c itizen  in te rac tion . However, they should also serve as an e ffe c tive
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forum fo r  discussion and prediction to  be a llie d  w ith a Delphi and used 
by the planning s ta f f  o f an urban area. Both these avenues should be 
explored fu rthe r and expanded to  include the key personnel who guide the 
development o f an area.
5.7 WATER SUPPLY, SEWAGE, AND SOLID WASTE MODELS
The water supply and sewage models have been very successful and have 
stimulated in te res t among planners who have seen them. The only model 
which needs work a t th is  point is  the so lid  waste model, which has not 
been fu l ly  developed. The results a t the regional level are good, but 
the disaggregation to smaller areas is  only in  the formative stages. This 
formative model can be found in  an appendix o f th is  report. Since the 
so lid  waste model is  s im ila r to  the water supply and sewage models, i t  
should be equally successful once fu l ly  developed.
5.8 THE AIR POLLUTION MODEL
The a ir  po llu tion  model d iffe red  from the preceding models in  tha t 
i t  was not intended to make forecasts below the metropolitan area leve l. 
Though quite  simple, th is  model has produced excellent results and no 
additional development is  recommended at th is  time.
5.9 RECOMMENDATIONS
The system should be tr ie d  in  several actual planning s itua tions , 
and the models should not be developed fu rthe r u n til tha t time. In fa c t, 
any fu rth e r model development should be in  response to specific  problems 
confronting spec ific  agencies so tha t changes in  the models w ill be d ire c tly  
responsive to spec ific  concerns o f planners.
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The important problems a t the moment are to put the modeling of 
urban systems into the proper perspective as a tool and to make these 
tools availab le to decision-makers. The type o f systems analysis 
proposed here makes possible the in terp lay o f the professional in  th is  
frame o f reference. The obvious next step is  to determine i f  the process 
developed here can be put in  a format easily understood by planning 
sta ffs  who can then use th is  method as one o f  th e ir  decision c r ite r ia .
To do th is ,  a users' manual should be created, disseminated to selective 
urban planning groups, revised on the basis o f th e ir  experience, and 
then d is tribu ted  w idely across the United States.
Subject to the responses from planning s ta ffs  using the method, 
several recommendations fo r  expantions and/or revisions to the models 
can be based on th is  work. The population model would be strengthened 
i f  a sub-model capable o f giving a reasonably accurate forecast o f in - 
migration were developed. The water supply and sewage models might be 
enhanced i f  they were made simpler. This would make i t  possible to 
investigate more a lte rn a tive  or to balance availab le man-power among 
a ll models. Another a ir  po llu tion  model which is  more responsive to 
localized conditions might be tr ie d  in the system. The current model 
produces excellent resu lts  but is  not responsive to  things which a plan­
ner has control over.
Two models, the so lid  waste model and the transportation model, 
are exceptions to  the above recommendations. The so lid  waste model 
should be developed to the level o f the sewage model before use. This 
would only require some regression analysis of available data and v a li­
dation. The transportation model tr ie d  in th is  study should be dropped
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fo r the time being. I t  is  too fa r away from complete development. Instead 
a transportation model already in use should be used.
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